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PKEFACE. 



I HOLD a very strong opinion that, no matter how good and 
well tested a steam-boiler or a steam-engine may be, acci- 
dents to boilers and machinery will take place, so long as 
the men in charge are not put to any qualifying test them- 
selves. Owners of steam-boilers properly insist upon their 
being made of the best material, on the latest pattern, and 
they do not object to paying a good price for a good boiler ; 
but in many instances the matter begins and ends here. It 
is not an uncommon occurrence to find men in charge of fine 
machinery who cannot explain a tenth part of the movements 
before them. Of this we cannot complain, because when a 
man is out of employment he is ready and willing to take 
charge of an engine, even if he knows nothing about it, pro- 
vided he can persuade the owner of such machinery to take 
his word for his competency. 

I have been conversant with steam-engines for a quarter of 
a century, and not without observing the modes by which 
men have been enabled, in many instances, to raise them- 
selves to the rank of enginemen, and to have charge of 
engines, boilers, and machinery. 

The skilled mechanical engineman*s eye is trained ; it is 
full of activity and adjusted in its range by experience, and 
it detects the very appearance of evil. Therefore the man 
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is fall of expedients, fall of opinions, fall of facts, and wants 
to be nipping the evil in the bad. Part of this effect is dae 
to the sheer qaantity of mental work thrown in with the 
manaal toil ; bat in many instances these acquirements are 
considered saperflaoas naaghtiness, and a way of making 
work for making money by overtime. The anskilled engine- 
man is in many cases the simple, honest man, who will 
work the machinery without any repairs month after month 
antil a shaft breaks, in consequence of a bearing being in 
need of adjajstment, or of a rivet leaking week after week 
disregarded, until corrosion sets in ; or he will overload the 
safety-valves, by laying on scrap iron, or by moving the 
weight ; and so make one boiler do the work, at the risk of 
life and limb. 

But, as I have already said, no one can blame a man for 
making his way into the engine-house. The law does not 
interfere with the matter, and the loss arising from bad 
appointments is borne by the master. I have reason to 
believe that every man who engages himself as an engine- 
man is induced to do so from a good motive. 

My object in writing this work is to give such information 
as lies in my power as seems to me calculated to raise the 
status of enginemen in this country — the land of steam- 
engines — and to try and induce them to pursue their inquiries 
in other works, written by better pens than mine. 

I have sought out and put together such information as I 
thought would be of benefit to those who wish to learn 
something of the best Stationary Engine practice. There 
are many enginemen who have not had an opportunity of 
examining a condensing engine, such as is supplied for large 
pumping stations, and who have had no experience either 
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with them or with Galloway boilers, thongh they cannot 
tell how soon they may be called upon to manipulate snoh 
works ; and therefore I have supplied for their information 
drawings of engines and boilers, with keys thereto. The 
elements of the stationary engines are described, and the 
principles of construction of the Galloway, Cornish, and 
Lancashire boilers are set forth, whilst the causes of failures 
are analysed and exposed. The various causes tending to 
produce explosions of boilers are discussed at length, and 
the errors often committed in shutting down valves are 
referred to; whilst the management of the fire and the 
principle of combustion are fully explained. 

I have also added a chapter on the use of the indicator, 
with examples in the arithmetical portion, of the method of 
calculating horse-power from diagram cards. 

In the endeavour to accomplish my work in a manner both 
instructive and agreeable, I have now and again departed 
from the general course to notice some particular point: 
especially in those portions of the work connected with the 
name of Watt, whose portrait forms the frontispiece to this 
work. 

Some time ago an effort was made to establish a system 
of certificates of proficiency for enginemen, by means of which 
I did hope to see the vocation of engine-driving brought up 
to a high standard, but, from the very limited number of 
men who felt disposed to assist at the work, it was evident 
that the men themselves did not care for certificates, whilst 
the masters did not want them. I have therefore now 
concluded that the only means is to place within the reach 
of the men such books as shall elevate their ideas, and in- 
duce a manly independence of thought and opinion. 
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Finally. It may possibly be asked what are the qualifi- 
cations for writing upon the subject of this work. I may, 
in answer, briefly state that I served my apprenticeship in a 
general engineering shop, working at the lathe and vice, and 
that, afterwards, I have been engaged in various parts of 
England, on Locomotion, Tractive, Stationary, and Portable 
engine work. 

MICHAEL EEYNOLDS. 

Standbfobd, Auffust, 1880. 
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A Second Edition of this book having been called for, 
the opportunity has been taken to thoroughly revise the 
whole, and to make many useful additions. Chapter 11. 
has been almost entirely re-written; whilst Chapter XII. 
has been largely extended to embrace a comprehensive 
account of the varieties of British coals, with a notice of 
their behaviour in the furnace, and a discussion of the 
methods of treatment best suited to the several varieties. 

Marehf 1882. 
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CHAPTER I. 

INTBODUCTORY NOTICE OF THE STEAM-ENGINE AND 

BOILER. 

England is the birthplace of the steam-engine. Its 
invention has been a grand triumph over the material 
which nature has placed at our disposal. There is no 
limit to the sphere of its usefulness, nor can any one 
measure the benefits which directly and indirectly 
accrue to society from its extended employment. 

All these benefits are simply due to the operation of 
the natural principle, that water can be converted into 
a gas. The principle itself appears very simple ; but 
the discoveries that led to the practical application of 
the principle as a source of wealth, were perfected only 
after a long series of trials and failures, and the ex- 
perience thus laboriously accumulated. 

It is on record that for two thousand years steam was 
only used as a source of amusement ; it was a scientific 
bauble to be sure, and that was all. But great things 
very often spring from small beginnings. Galileo's 
discovery of the pendulum was the result of observing 
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the swing of a lamp in the centre of a churcli. By a 
spider's net suspended across the path of Sir Samuel 
Brown, he was prompted to the conception of a sus- 
pension-bridge. Galvani observed that a frog's leg 
twitched when it was placed in contact with different 
metals, and this laid the foundation of a train of in- 
vention which led up to the electric telegraph. Colum- 
bus saw strange reeds and stranger rushes floating in 
the water off the quay of Oporto, and he was instigated 
by the strange visitors to undertake a voyage by which 
the New "World was discovered. With regard to the 
advancement of steam as a motive-power, its history 
presents for contemplation a marvellous train of con- 
sequences, logically deduced or tentatively arrived at, 
interesting in themselves, and furnishing a narrative 
of success and of lapse and loss of choice spirits, the 
fragrance of whose enthusiasm lingers to this day. 
" We may form," writes an eminent authority, " some 
faint idea of the anxious hope and fear of each suc- 
ceeding genius before his conceptions were clothed in 
mental or material form — the parental grief or joy as 
each child expired in infancy or arrived at manhood 
and fame." 

Towards the close of the seventeenth century there 
was a prodigious and sudden development of the mind 
of man, due, writes Lord Hatherly, to the Reforma- 
tion. 

Some of the illustrious men of the time were mighty 
in words and in deeds. Newton — of whom it was written 
that " God said, ' Let Newton be ! ' and all was light " 
^-Shakespeare, and Bacon ; these, together with a few 
others, turned the world of ideas upside down. The 
Boyal Society was founded, where the chaff was win- 
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nowed from the wheat. It was a light ablaze, a beacon 
for great designers, a resort " to whomsoever hath in 
recommendation either knowledge, profit, or pleasure.'* 

From this time the force of steam has been em- 
ployed : first, it is true, only to burst a cannon, but at 
last to drive a cotton-mill with 10,000 spindles. 

At first steam was regarded as a wild Turcoman 
horse, having a magnificent spirit, with huge sinews 
and muscles, the puff of whose nostrils was caloric. 

Some were decided by their fears, being mortally 
afraid of it ; whilst others determined upon a policy of 
aggression and investigation. The principal "Alex- 
anders '^ were Papin, a French physician ; Savary, an 
English miner ; Newcomen, an English blacksmith ; 
Potter, an English peasant-boy ; Fitzgerald, an Irish 
professor; Watt, a Scottish mechanic; Picard, an 
English mechanic ; Cartwright, an English Dissenting 
clergyman ; Murdoch, a Scottish mechanic ; Horn- 
blower, an English mechanic ; Trevithick, a Cornish 
engineer ; Stephenson, an engineman. 

Among the innumerable inventions of man for ad- 
ministering to the necessities and luxuries of life, none 
has played so important a part as the steam-engine. 
By its power the great deep is crossed in sunshine or 
in storm, independently of tides. It lifts mineral 
treasures from the bowels of the earth to the surface, 
for the service of man. It drains the mines, so that 
the lodes containing the ore are made accessible. 
Communities are brought closer together, and the 
advantages which were confined to a few are now ex- 
tended to many. Illimitable is the adaptability of the 
steam-engine ; and every day improvements are being 
made in its structure and application. In dealing ^\\!b. 
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the subject, it will be our duty to notice for the infor- 
mation of young enginemen such types of engines and 
boilers and their appendages as prevail at the present 
day. 

Classification of Steam-Engines. — Stationary engines 
are distinguished as either vertical, horizontal, or beam, 
engines. 

When the cylinder is suspended above the crank- 
shaft it is a vertical engine. When the cylinder is 
fixed in the same horizontal line as the crank-shaft it 
is a horizontal engine, or, as the enginemen call it, a 
"lie-down." 

When the cylinder is up on end, and the piston-rod 
is attached to a beam which is suspended at its centre, 
it is a beam engine. When the cylinder is on end, 
and the piston-rod is attached to one end of the beam, 
while the other end of the beam is suspended on a 
pillar, it is a grasshopper engine. When the cylinder 
is suspended at the centre by trunnions, with the 
crank-shaft either above or below the cylinder, it is an 
oscillating engine. 

For each of these types, terms are employed to denote 
their specialities. 

When the cylinder is suspended vertically in the 
upper part of a cast-iron frame, it is an inverted-cylinder 
engine, or what is the same thing, an inverted direct- 
acting engine. Sometimes two cylinders are placed 
alongside of each other in this position, between the 
frames, with the steam-chest between them, and the 
crank-shaft being below. 

There is also a type of engine called the " trunk 
engine," specially constructed to reduce the distance 
between the centres of the crank-shaft and the cylinder 
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in direct-acting engines, retaining at the same time 
sufficient length of connecting-rod. 

Its principle is as follows: — A hollow cylindrical 
casing or " trunk," from which it takes its name, is 
fitted fast upon the piston. The trunk works through 
both ends of the cylinder, and is fitted with a stuffing- 
box at each end. One end of the connecting-rod is 
attached to the face of the piston within the trunk, the 
other end of the connecting-rod being attached to the 
crank-piu. The internal diameter of the hollow trunk 
is sufficiently large to permit the vibration of the con- 
necting-rod within it. Thus, as already mentioned, 
whilst a long connecting-rod is obtained, the dis- 
tance between the centres of the crank- shaft and the 
cylinder is reduced. Such engines are often used in 
steamships. 

Again, some engines, which may be constructed 
according to any of the foregoing types, are constructed 
as compoimd engines. They consist of two cyliuders, 
in which the steam, after having been used in one 
cylinder, is used again in the second cylinder, instead 
of being exhausted at once into the atmosphere or the 
condenser. 

The engine which now claims our special attention, 
and which has been selected for illustrating the de- 
scription of the steam-engine in detail, and for in- 
structing enginemen in the management of engines, is the 
beam engine, inseparably associated with the name of 
"Watt. There is no other engine that commands our 
admiration as engines of this old-fashioned design, 
when carefully designed and artistically surrounded. 
Since the year and the day it left the hands of Watt it 
has afforded scope for the exercise of ingenuity, talent. 
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and perseverance. There has not been much to alter. 
The material is the same, so is the moving power, and 
so also is the principle ; but one thing has improved 
in the hands of his successors, which the great man 
probably never dreamt of, and that is the rapid and 
seemingly exhaustless demand for engines. 

The blowing out of a cork from a flask of water, the 
temperature of which had been raised by the heat of 
the sun, indicated to man a field of labour and research, 
in which many labourers have been working. At 
first the practical results were of a very limited 
character ; the workers were too wide apart. The 
labours of isolated individuals were frequently con- 
fined to theoretical reasonings and calculations, not 
infrequently biassed by prejudice, party spirit, or 
egotism, or untenable hypotheses. 

Progress at first, therefore, was slow, and the mode 
in which the lesson was applied exhibits a characteristic 
feature of the human mind, which is apt to prefer the 
uncertain road of abstract reasoning to the direct 
coufse of experiment. Each scholar reasoned for him- 
self ; hence many diversified opinions, replete with so 
much that is erroneous, unscientific, and contradictory. 
The truth cannot be made ; the truth exists. 

As the properties of steam became revealed to the 
mind, new wants were created. Brindley confined 
steam in wooden vessels, but there were threatening 
difficulties attendant on the use of such an unstable 
material as wood. Stone vessels were employed in an 
endless variety of forms ; and these in their turn were 
superseded. For a long period of time, steam was used 
as a motive-power in a negative sense, as was shown in 
the atmospheric engine, in which steam of a low pres- 
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sure was employed to produce a vacuum under the 
piston. 

The difficulty of constructing vessels of sufficient 
strength was one of the chief impediments in the way 
of using high-pressure steam; and although the 
spherical cast-iron boiler was an advance upon all 
others, it was found to be untrustworthy, and was 
replaced by wrought-iron boilers. The variety of 
shapes in which boilers have been made is the outcome 
of a desire to obtain a safe boiler, an effective boiler, a 
convenient boiler, and a durable boiler. The boiler 
which combines these four qualities, and possesses each 
quality in an eminent degree, may be considered a 
perfect boiler. The material used in making boilers is 
the outcome of the need for obtaining great tensile 
strength and ductility. These are the first considera- 
tions. In an economical point of view, for generating 
steam, irrespective of cost, copper is the most eligible 
metal for conducting heat, as its conducting power is 
more than double that of iron; but this advantage is 
counter-balanced by the fact that copper suffers such a 
loss of cohesive strength by elevation of temperature, 
even to a moderate extent, as to cause it to be super- 
seded by wrought-iron, except for special purposes un- 
connected with strength. Besides its heat-conducting 
power, which recommends it to the notice of locomotive 
builders, it is also recommended by the mode in which 
it is fractured when an explosion takes place ; it tears 
open, whereas iron is blown to pieces. 

Wrought-iron boilers at first were either globular or 
hemispherical, with flat or with concave bottoms. They 
were as nearly spherical as possible, and so pre- 
sented the best form to resist the internal pressure of 
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the steam. They were deficient in heating surface, and 
were great wasters of fuel. Under these circumstances 
"Watt was induced to design the "waggon" boiler, 
which was so called from its likeness to mill waggons, 
which were covered in to keep the contents dry. 

This boiler, having by its form a greater area of 
heating surface, was capable of evaporating more water 
per hour than any of its predecessors ; and, besides, 
the gaseous products of combustion, having a long run 
of heating surface, remained longer in contact with the 
plate surface, so that before they reached the chimney 
they were cooled down by the absorption of their heat 
to a temperature very much lower than that of the 
gases which escaped from the earlier kinds of boilers. 
Watt held that there was a considerable waste of fuel 
in producing steam by intensity of heat directed upon 
a small surface ; and he preferred to apply heat at a 
moderate temperature, providing a large area of sur- 
face on which it should act. 

The cost of fuel for producing steam for the large 
Cornish engines being an item of importance, the 
Cornish engineers gave the matter of steam generation 
every consideration. The "Trevithick boiler" was 
brought out. It was advertised to be superior in 
economy, and capable of bearing a pressure of 30 lbs. 
per square inch. This boiler is now known as the 
Cornish boiler ; cylindrical, with flat ends, having an 
internal flue and fire-grate. The flame, proceeding 
from the fire at one end of the flue, traverses the whole 
length of the flue, and the gases are returned along 
the bottom of the boiler to the front, thence along the 
sides to the chimney, by which the actuating force of 
draught is generated. Sometimes the flame takes 
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the side courses first, after leaving the flue, and then 
passes under the boiler to the chimney. Whichever way 
it is done, the object is to expose as much boiler surface 
as possible to the hot gases, so that they shall not leave 
the boiler until they are reduced as nearly as possible 
to the temperature of the water in the coolest part of 
the boiler. By this means the consumption of fuel can 
be reduced and the evaporative power of the boiler 
improved. In consequence of the weakness of a 
single internal flue, when of large diameter to receive 
a large grate-area, two flues instead of one flue were 
adopted in Lancashire, and hence the name, "Lan- 
cashire boiler,^' given to a boiler with two flues, to 
distinguish it from the " Cornish boiler,*' which has 
one flue only. 

Still more to economise the heat and increase the 
amount of heating surface, the " Galloway boiler " was 
designed. It is a great favourite with steam-users, and 
it satisfies all the requirements of the day. To de- 
sign a boiler for high-pressure steam, that should be 
at once as safe as, and yet more economical than, its 
predecessors of the same class, demanded no small 
amount of physical and mechanical knowledge. 



CHAPTER n. 

MATERIALS OF WHICH ENGINES AND BOILERS ARE 

MADE. 

• 

It will be well for the information of enginemen to 
give a brief account of the methods employed to extract 
iron from the ore, to trace the processes employed in 
producing wrought-iron and steel, and to offer a few 
remarks upon other materials in which they are in- 
terested. 

Calcined Ore, — Before the ore is placed in the blast- 
furnace, it is necessary to calcine or roast it in a kiln, 
in order to expel the water, carbonic acid, sulphur, and 
organic matter contained in it. The sulphur is occa- 
sionally expelled by means of a jet of steam, with 
atmospheric air, the sulphur passing off in combination 
with the hydrogen of the steam. 

Smelting, — This is a chemical process, and it consists 
principally in depriving the metallic oxide of its oxygen. 
The ore having been deprived of its volatile consti- 
tuents, it is carried to the top of a blast-furnace, some 
50 feet or more in height, of the form of an ordinary 
cupola. Some blast-furnaces are 8 feet in diameter at 
the hearth, and 22 feet 6 inches at the widest part. 
The opening at the top of the furnace is called the 
throat. Air is blown, by means of an engine, through 
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the tuyeres situated near the hottom of the furnace. 
The tuyeres are cased, so Ifaat water may he caused to 
circulate round them, to keep them cool, and to prevent 
their heing burned away. The fuel used is coal or 
coke ; sometimes a mixture of these. The ore is placed 
in alternate layers, with limestone as a flux. The 
quantity of fuel used averages about 21 cwt. to each ton 
of pig-iron. 

The blowing cylinder may be termed a double-acting 
pump. It is driven by a beam engine or by a horizon- 
tal engine, supplied with steam from boilers which 
derive their heat from the combustion of the gases dis- 
charged from the blast-furnace. The pressure of the 
blast is from half an inch of water to 2^ lbs. per square 
inch. The temperature of the blast-furnace about the 
tuyeres is about 5,000 Fahrenheit degrees. "When 
there is collected a quantity of liquid metal at the 
bottom of the furnace, it is tapped, through an aper- 
ture provided near the hearth, by the furnace-man with 
a long rod. The metal rushes out into a channel 
made for it called a sow, and into branch channels 
called pigs. The metal is cut off when it runs " thick " 
or "cold." 

The iron thus produced is very crude, and is re- 
melted to render it suitable for castings. If intended 
for the manufacture of wrought-iron, it is sent to the 
refinery. Cast-iron contains many impurities, consist- 
ing principally of silica, manganese, carbon, sulphur, 
phosphorus, aluminimi, &c. It is granular, brittle, 
rigid, and offers but little resistance to tensile force, 
but stands well under a crushing power. 

Puddling. — For the purpose of separating the carbon 
and other matters in combination, in the process of 
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manufacturing malleable iron, the pig-iron is broken 
up and placed in a reverberatory furnace, which is 
rectangular in shape. The broken metal is placed on 
the middle of the hearth, whilst the fuel for the genera- 
tion of heat is placed on a grate at one end of the 
furnace, so that it does not come into contact with the 
metal. When the metal begins to melt, air is admitted, 
and the metal is stirred or moved about in order to 
expose it to the air. In time it boils, and it is kneaded 
into a fibrous mass, whilst the supply of air is reduced. 
The puddler kneads the iron into balls or " blooms,'* 
until the interior of the furnace looks like a baker's 
oven full of loaves. 

Rolling or Squeezing, — The bloom is passed by the 
puddler to the shingler — from the furnace to the 
hammer. Under the hammer, the bloom is consoli- 
dated, the slag being driven out of it, and it is left in 
such a form that it can bo dealt with by other machi- 
nery. If it is intended to be passed through the rolls, 
it is left in a rectangular shape. If it is intended for a 
weldless iron tyre, it is left of a cheese shape, and a 
hole is punched through the middle ; a roller revolves 
within the cheese-formed mass, and another outside. 
The outer roll is formed so as to shape the flange of the 
forthcoming tyre. As the two rollers revolve, they are 
pressed towards each other until the tyre is reduced to 
the required thickness. If the bloom is intended to 
form bar-iron, it is passed between rolls until it is 
drawn down to the size required. By turning recesses 
in the face of the rolls of various depths and shapes, 
round, flat, or square bars, and angle-iron of all sizes, 
can be produced. 

Piling, — Iron gains in purity by repeated hammering 
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and rolling. Eough iron, after it has passed through 
the rolls for the first time, or scrap-iron consisting of 
odds and ends, cut into short lengths, and made into a 
pile, and when sufficiently heated passed imder the 
hammer again or through the rolls, is better iron after 
the process than it was before. Tenacity is acquired in 
proportion to the treatment to which the metal is sub- 
jected in refining and in hammering. " Best " iron, 
and "best- best" iron, are terms used to denote the 
quality of the iron, and the quantity of work which has 
been bestowed upon the iron in the forge mill. 

Charcoal' Iron, — This term was originally applied to 
such iron as had been manufactured solely with wood 
charcoal from the condition of ore to the finished state. 
But the term is now applied to iron, the ore of which 
may have been smelted with coal or with coke that 
has been refined or puddled with wood- charcoal. 
Charcoal iron has a very smooth skin ; it is used for 
purposes where the surface is to be painted. 

Steel, — Steel is formed from wrought-iron by com- 
bining carbon with the metal in certain proportions. 
By the ordinary method, wrought-iron is cut into short 
lengths and packed in charcoal, and submitted to a 
bright heat, imtil the metal has taken up a quantity of 
carbon, by which it is converted into steel. The steel 
is then worked under a hammer in order to render it 
homogeneous, or uniform in substance throughout. 
By the Bessemer process, cast-iron is melted and run 
into a converter, and the impurities are expelled by 
combustion with a current of air forced through the 
melted mass. The colour of the flame above the 
molten metal varies with the proportion of impurities 
present ; and by this colour it is known when the 
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process of combustioii has been carried far enougb for 
the producticn of a giyen kind of steel. 

It may be said that cast-iron, wrought-iron, and 
steel have only two essential ingredients, namely, pure 
iron and carbon. Cast-iron contains more carbon than 
wronght-iron or steel ; the carbon may exist in pig-iron 
either in a state of chemical combination or as flakes, 
distributed in an imcombined state through the mass of 
iron, or partly combined and partly graphitic, and 
these varying conditions produce white, grey, and 
mottled pig-iron. Wrought-iron contains less carbon 
than cast-iron or than steel; and the amount of 
mechanical treatment it has undergone is indicated by 
the colour, varying from bluish to blackish shades of 
grey. Steel contains more carbon than wrought- 
iron, since wrought-iron is placed in the furnace with 
charcoal for the purpose of its taking up carbon to form 
steel. It may be said that steel is a pure iron with a 
small portion of carbon in it. The following is an 
average composition of iron in its three conditions : — 



• 


Iron. 


Carbon. 


Cast-iiOQ 

Wrought-iron . . . 
Steel 


91 

99-6 

98-6 


5- 

0-036 

1-4 



Cast-iron, wrought-iron, and steel can be distinguished 
from each other, in the first place, by the fineness of 
the grain; wrought-iron being finer in grain than 
cast-iron, and steel finer than wrought-iron. Again, 
oast-iron is short and brittle, wrought-iron is fibrous. 
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whilst steel is devoid of the fibre so characteristic of 
wrought-iron, and^ like cast-iron, it is granulated or 
crystallized metal. Steel and cast-iron possess the 
property of fusibility; wrought-iron is malleable, 
ductile, tough, fibrous, and possesses the capability of 
welding in the highest degree. Steel, also, when red- 
hot, is nearly as malleable as wrought-iron, and may 
with care be welded. From this it will be seen that 
steel possesses properties in common with both wrought- 
iron and cast-iron. Further, steel is characterized by 
its softness at a glowing heat, and its becoming hard 
upon sudden cooling. Cast-iron resists a greater 
crushing strain than wrought-iron ; wrought-iron 
resists great torsional and tensile strains ; while steel 
of average quality can resist a great tensile strain — 
nearly twice that of wrought-iron, and seven times that 
of cast-iron. By the term "breaking strain " is meant 
the strain or stress which will break the iron or frac- 
ture it. By the " proof strain '* is meant the greatest 
strain of a specific kind consistent with safety. By the 
"safe working strain '* is meant the strain which may 
with perfect safety be placed upon the material. The 
ratio of the breaking strain to the proof strain is termed 
the "factor" of safety. Iron in all its forms — cast- 
iron, wrought-iron, and steel — is made up of minute 
particles or atoms, and their cohesion is limited. Bend 
the material beyond the elastic limit, and it is damaged 
— either bent or broken. But so long as the working 
strain does not exceed the elastic limit, the arrangement 
of the atoms is not permanently disturbed ; and the 
metal will, when the load is removed, resume its original 
form without being damaged. The strength of metal 
has been tested, and from the experiments a working 
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load has been given, and a wide margin of safety is 
allowed, not only for the sake of security under ordi- 
nary circumstances, but to insure machinery against the 
effects of unforeseen strains. 

Case-hardening is a process for converting the sur- 
face of iron into steel. To case-harden properly, the 
iron must be thoroughly clean and bright. The parts 
of an engine generally case-hardened are those which 
are small in size, but subject to great friction. The 
articles to be case-hardened are placed in a wrought- 
iron box, and embedded in substances rich in carbon — 
as fragments of horn, bones, and leather-cuttings. 
The box is luted air-tight and placed in a furnace, 
where it remains for about twelve hours, after which 
time the fire is allowed to bum out. Then the box is 
removed and opened, and the contents taken out. The 
portions of surface not intended to be hardened should 
be covered with clay. The steeled surfaces, when 
taken out of the box, are brightened with emery cloth. 

Steel is tempered by heating until it has acquired a 
cherry redness, and then plunging the part to be tem- 
pered suddenly into a liquid (oil or water) and with- 
drawing it almost immediately. The colours will then 
be developed in the following order, commencing with 
the colour for the hardest description of steel: very 
pale straw yellow, suitable for cutting tools for metal ; 
dark straw, for wood tools and taps ; yellow, with a 
slight purple tinge, for chipping chisels ; dark purple, 
for springs ; bright blue, for watch springs ; dark 
blue, for hand-saws, producing a soft bending steel, 
hard enough to cut wood, and not too hard to resist 
the file. 

Annealing is a process, the reverse of case-harden- 
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ing. The articles operated upon are converted from a 
condition of brittleness to a condition of comparative 
tougliness. The process is employed in order to file, 
or to re-turn in the lathe, any portion of an engine 
that has been previously hardened. In the annealing 
of steel or iron the metal is heated to a low redness, 
and allowed to cool gradually. The operation is per- 
formed not only to soften the article, but also to restore 
its elasticity. 

It should also be mentioned that, whilst in a soft 
condition, wrought-iron, steel, and copper can bo 
worked under the hammer into any required form ; 
but the process of welding, which means the joining 
of two pieces of metal together, is only applicable to 
iron and to steel. Heated to a white heat, iron and 
iron can be welded together ; so also can iron and steel 
be welded together ; but the steel must not be over- 
heated, otherwise it will bum. 

Copper. — Of other metals entering into the con- 
struction of engines, copper, like iron, is not found in 
a pure state. The ore is first crushed and then washed, 
either by hand or by machinery. It is then roasted in a 
furnace, in order to expel foreign matter, and is melted 
in another furnace. The scum is skimmed off, and the 
metal is run ofE into a pit containing water, which 
causes the metal to become granulated, in which state 
it contains about one-third part of copper. This pro- 
duct is calcined, in order to oxidize the iron which the 
copper contains, and it remains in the furnace for a 
number of hours, after which it is taken out and 
melted with slag from previous meltings, which acts as 
a flux. It is then skimmed and run into moulds. The 
quantity of copper at this stage is about 60 per cent. 

c 
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The calcination and fusion of the last product is 
proceeded with, and the metal is run into " pigs " con- 
taining from 60 to 80 per cent, of copper. These pigs 
are roasted, and the temperature is increased to the 
melting point, which facilitates the expulsion of volatile 
matter, and oxidizes the iron or other metallic sub- 
stances that may remain in combination. This opera- 
tion is continued for some hours, according to the 
degree of purity of the "pigs," and when completed 
the metal is run into sand-beds. The copper, now 
freed from most of the foreign matter, is placed in a 
refining furnace, where the heat is at first very mode- 
rate, in order to continue the oxidation, should the 
metal not be quite pure. When, however, it reaches 
the melting temperature, the copper runs into a small 
trough, and a portion is extracted, cooled, and broken, 
and the attendant judges from the result whether the 
material is in a fit state to undergo the toughening 
process. If it is so, the surface of the metal is first 
covered with charcoal, after which it is stirred with a 
birch pole. The operation of polling is continued with 
the addition of fresh charcoal until it has attained the 
required degree of purity, when it is cast into rect- 
angular cakes, measuring about 12 inches by 18 inches. 
Pure copper is unfit for many purposes, and hence the 
use of other metals, in combination with it, as tin and 
zinc, to extend its usefulness. 

Tin. — Tin ore is stamped or broken, and then 
washed to separate it from the earthy matter, after 
which it is roasted in a reverberatory furnace and is 
afterwards smelted. Nine parts of copper and one part 
of tin form gun-metal. 

Zinc, — The ores of zinc are first roasted or calcined. 
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and tlie zinc is subsequently distilled from thorn in 
retorts. Sixteen parts of copper and nine parts zinc 
form brass. 

Lead. — The ores of lead, like those of other metals, 
are combined with various kinds of earthy matter, and 
therefore they are, in this case, washed, and then roasted 
in a furnace, which by oxidation converts it into oxide 
and sulphate of lead ; which, reacting on each other, 
cause the production of metallic lead. 
' Brass, gun-metal, and white-metal are all alloys. 
The term alloy designates a combination of two or 
more metals, having a chemical attraction to cause 
them to adhere to each other. As previously stated, 
bodies are made up of atoms. When atoms of the 
same kind hold together, that is cohesion ; but when 
atoms of a different kind join or hold together, it is 
called chemical attraction. One atom of copper is 
attached to another of copper by cohesion ; but when an 
atom of copper unites with an atom of zinc, it is an 
instance of chemical attraction^ or, as it is sometimes 
called, chemical affinity. Chemical attraction is dis- 
tinguished into three degrees — namely, mixture, solu- 
tion, and chemical union. 

Chemical viixture takes place when the atoms of two 
bodies are in a liquid state, and have freedom of motion 
between themselves, upon which fluidity depends. A 
crucible containing molten metal, such as brass, zinc, 
and tin, contains a chemical mixture. 

Chemical solution operates between solids and liquids. 
A glass containing water with a piece of sugar dissolved 
in it contains a chemical solution. 

The power of solution is limited, as liquids cannot 
combine with more than a certain quantity of solid 
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matter. When the point of limitation is attained it is 
called the point of saturation. 

It is worthy of notice, that when water has dissolved 
saltpetre up to the point of saturation, it will dissolve 
a considerable quantity of common salt. How is that ? 

Here is a basket full of tomtits' eggs, which repre- 
sent the globules of water ; into the basket of eggs we 
can put peas until it will hold no more ; we, however, 
put in some com until it will hold no more of that ; 
but even then we can add mustard seed, and the basket 
will be no fuller than it was at first. 

So it is with water holding in solution other matter. 

The highest result of chemical attraction is union, 
which may take place between bodies under every 
modification of cohesive attraction. 

Bodies that unite in this manner combine only in 
fixed proportions, and the combination will often pro- 
duce a total change in the properties of the combining 
substances, and produce heat. Combustion of coal, to 
wit. 

On the application of a certain amount of heat to 
coal, gas is generated, which forms a union with the 
air ; but if the latter is deficient in quantity the result 
is water. Why P The gas is hydrogen, the air contains 
oxygen, and the two, in fixed proportions, form the 
water which fills our rivers and brooks, in which fish 
swim and dive, and dive and swim. If we add a 
little more air — another atom — the result is carbonic 
acid. 

Suppose the air to be supplied to a furnace so that 
no smoke is visible, we should say the proper quantity 
of air was being admitted into the furnace rendering 
combustion perfect, and evolving heat ; and when 
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that is so^ chemical union is in the highest degree 
accomplished. 

We were referring to alloys, and having explained 
the term, with other matter more or less intimately 
connected with the subject immediately before us, we 
can now turn to the crucible pots, and after taking the 
lid off look into them. 

The first contains an alloy for brass, which consists 
of — 

9 parts of zinc ) j. 
16 parts of copper / ^'*^- 

Brass is a very common alloy, and is not used much 
about engines. 

The next pot contains an alloy for gun-metal, which 
consists of — 

Gun-metal is very extensively used for bearings and 
bushes. 

The next pot contains an alloy for white metal, 
which consists of — 

2 lbs. of antimony \ 
8 0Z8. of brass > White-metal. 

10 ozs. of zinc ; 

White-metal is used on account of its softness, which 
renders it deficient to support a weight of itself, and 
it is therefore applied mechanically to a bearing in 
various ways. 

Sometimes a row of holes, drilled in a zig-zag fashion 
in the crown of a bearing, are filled up with white- 
metal. This is done to reduce the friction to a mini- 
mum. It must be understood that there is not such a 
thing as a,perfectlt/ smooth surface. We turn a shaft 
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and bore out a brass as tnio and as perfect as we know 
how to do ; but, as seen through a microscope, the 
contiguous surfaces are as rough as a " bear's back " 
and as hard as " flint." By drilling a dozen holes or 
more the area of this hard and rough surface is reduced, 
and by filling them up with softer metal considerable 
resistance is removed. In fact some bearings will not 
run cool unless filled up with white-metal. 

It is very necessary to obviate heat by friction in 
machinery, which may be produced when an engine is 
put together with all its parts duly and accurately 
fitted together, with no side or end play or slackness. 
Now all metals expand by heat, whether heated over a 
fire or by friction. Allowance for this general efEect 
of caloric, common to all bodies whatever, has received 
considerable attention of late years ; but formerly it 
was literally ignored, and the cost has been great. 
Nature will have her course. If a man keeps his eye 
about, he soon finds her paths are plain and pleasant. 
But if he puts up a large brass, cottered tight up, and 
neglects to allow room for expansion by heat, he will 
find that the brass will make his ways far from 
pleasant. 

It should be remembered that there are parts of an 
engine which must necessarily expand. If an engine- 
man duly considers this, it will guide him in many 
instances towards a right issue. Nothing either in 
the engine or the boiler is of the same size when cold 
as it is when hot. Therefore, instead of this principle 
being thought lightly of, it should command very 
great consideration. I know a case in which the con- 
nection between two boilers in steam was torn asunder 
through the allowance for expansion being neglected. 
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Another case was that of a large valve being fitted too 
tightly into the bridle when cold ; so that the valve 
broke the bridle by over-expansion. Sometimes we 
see packing being driven into a stuflSng-box, with the 
aid of a hammer and chisel ; consequently, when it is 
heated by steam, the rod is gripped as by a pair of 
clamps, as a result of expansion. Lubrication becomes 
impossible. 

Further, sudden expansion by heat, it should be 
remembered, is often attended by serious consequences. 
Many a cylinder-condenser has thus been cracked. 
Many a boiler has been started leaking. Sudden ex- 
pansion has made many an employer's heart and head 
ache, and brought remorse to the engineman. 

Heat travels from point to point in various ways, 
which may be graphically explained — thus. If we 
make a fire in the bars within a Cornish or anv other 
description of boiler containing water, a portion of the 
heat from the fire is communicated to the crown-plate 
by radiation from the surface of the fuel. It passes 
through the iron from the inside of the plate to the 
outside of the plate, and into the water, by conduction. 
It passes from the surface of the fire in the gases which 
rise from the fire, upwards and onwards through the 
flues, by convection. It passes through and from the 
boiler-shell by radiation into the boiler and engine 
house. 

Conduction. — If a piece of iron heated red-hot is 
suspended against an iron column, the heat is con- 
ducted into the column. Or, if a bar of iron is heated 
at one end the heat will travel along the bar towards 
the cooler parts. Conduction means the flow of heat 
through matter, from places at a higher temperature to 
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places at a lower temperature ; or it may be defined to 
bo the transfer of heat between the parts of a body, 
or between two bodies which touch each other. It 
is distinguished as internal and external conduction, 
according as it takes place between the parts of one 
continuous body, or through the surfaces of contact of 
two distinct bodies. The rapidity of internal conduc- 
tion is very much greater than that of external con- 
duction. Bodies conduct heat with different degrees 
of facility; hence some are good and others are bad 
conductors. 

Taking the conducting power of gold to be 100, 
that of copper is 89 ; of iron, 37 ; of lead, 18 ; and of 
brick-earth, 1, 

Wood possesses but little conducting power. One 
end of a stick can be held for some time whilst the 
other end is burning. Its inferior conducting power 
is taken advantage of when wood is used to form the 
handles of cocks and for " cleaning " a steam-cylinder. 

Bodies of a porous nature — wood for instance — and 
especially fibrous substances, as wool, are extremely 
bad conductors. When an engineman is thoroughly 
acquainted with the conducting power of substances, 
ho learns on what substance to bed and surround the 
boilers, so that the least possible heat may be con- 
ducted from them. 

Conduction may be defined, in short, as a giving out 
of heat. 

Metals are good conductors of heat, and therefore 
good radiators — giving off heat to the surrounding 
medium. To prevent the loss of heat in this manner 
from steam-cylinders and steam-pipes and the tops of 
boilers, they are clad with felt or with wood ; or, in the 



HEAT. 25 

case of boiler- tops, covered with burnt earth, such as 
disused fire-bricks ground up into small pieces. 

Water is a bad conductor of heat. When steam is 
first raised in a boiler, the hand may be applied to the 
lower part, although the temperature of the water bo 
240° or 250° at the upper part. It is because of the 
non-conducting character of water that heat is applied 
to boilers as near as possible to the bottoms of them. 

Convection is the carrying of heat. The water in a 
boiler is heated by the hot particles immediately in 
contact with the hot-plates rising to the top of the 
water with the heat imparted to them by conduction. 
When the heat enters a part of the water, the water 
expands, and therefore it becomes lighter than the 
upper stratum of water near the top, or even just above 
it. This change in its specific gravity or weight, in 
proportion to its bulk or volume, causes the heavier 
portions to displace it ; and by a successive displace- 
ment it is eventually lifted to the surface of the 
water. The act of boiling creates a current of hot 
globules upwards, expanded and charged with heat 
taken from the furnace-plate ; and a current of cooler 
globules descending to absorb, in their turn, and to 
diminish the quantity of heat applied to the plate by 
the fire in the furnace. It is clear that if the globules 
of water are embarrassed in ascending or descending 
conduction is hindered, and the plate is liable to be 
damaged by overheating. Evaporation depends for its 
efficiency not altogether on the quantity of heat applied 
to the plate, but also upon the quantity of heat taken 
from it by ascending and descending particles of water. 
Hence the necessity for favourable circulation, and the 
absence of overcrowded flue-tubes. 
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Again, the heat from the walls of the steam-cylinder 
is conveyed to the condenser by convection. 

Radiation, — Steam-pipes radiate heat into the sur- 
rounding atmosphere or the enclosing walls. How can 
this loss be prevented ? By clothing the hot surfaces 
with non-radiating substances, as already mentioned. 
It is highly probable that the characteristic of non- 
radiation is due to the presence of confined air among 
the interstices of the substance or material ; as air is 
a bad conductor of heat, and offers a barrier to the 
escape of caloric. 

Special Notice of Materials. 

Cast-iron is used for such parts of an engine as re- 
quire a great degree of rigidity or stiffness — as the 
foimdation-plate, the cylinder, cylinder-cover, steam- 
chest, condenser, piston, junk-ring, columns, plummer- 
blocks, wall-boxes, and the fly-wheel. 

The fittings of the boiler consume a small portion of 
cast-iron — as the furnace-front, the dead-plate, the fire- 
bars, stop- valves, and steam-pipes. 

Wrought'iron is used chiefly for those parts which 
are subjected to great strains or sudden shocks, and 
also for the parts of the engine which are in motion — 
as the piston-rod, connecting-rod, crank, crank-shaft, 
excentric-rods, excentric-hoops, cross-heads, and parallel- 
motion. The boiler is constructed entirely of wrought- 
iron. 

Steel is coming largely into use, and it is, in many 
cases, taking the place of wrought-iron, without inter- 
fering with the use of cast-iron. Many absurd objec- 
tions against steel have been withdrawn since it has 
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been proved by Important experiments not to be so 
treacberous as some persons bave tried to make out. 
Tbe use of steel for boiler-making is greatly on tbe in- 
crease. Tbe increase is due to tbe material being 
produced of sucb a mild quality as to warrant its intro- 
duction into tbe boiler yard, and to be perfectly 
adapted for tbe construction of steam-boilers. Steel is 
largely used for busbes, to reduce tbe wear and tear ; 
likewise for crank-pins, parallel-motions, and links. 

Copper is mostly used alloyed witb tin, to form a 
bard metal — gun-metal. It is used for forming tbe 
bearings for supporting tbe crank-sbaft, tbe beam, and 
otber revolving pieces. Tbe big-end and tbe little-end 
of tbe connecting-rod are lined witb it. 

Brass is also an alloy of copper witb zinc. It is 
comparatively soft, and is used for mountings only. 

White^metal is used and applied as a lining to gun- 
metal bearings on account of its anti-frictional pro- 
perty. Sometimes it is used for tbe wbole bearing, 
but tbe journal bedded entirely in wbite-metal cannot 
be allowed to revolve witbout oil for many minutes, 
because tbe metal is liable to melt at a very moderate 
temperature. On tbe contrary, if it is well used and 
properly lubricated witb oil, for small sbafting running 
at a bigb speed, it is more serviceable tban gun-metal 
for bearings. 

Muntz-metal is used for bolts and studs to resist tbe 
action of steam and grease. It is usefully employed 
inside steam-cbests and under water, as it is not liable 
to be corroded, or otberwise affected by salt-water. 

Tbe wbole of tbe metals of wbicb tbe engine and 
tbe boiler are composed are full of interest. Tbey 
are distinguisbed differently — some for tbeir lustre. 
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ductility, malleability, and tenacity ; others are elas- 
tic. Some metals combine together in their melted 
state, whilst there are others whose characters and 
natures are changed completely when combined with 
other metals. Metals are all fusible, but they melt at 
different temperatures. An alloy or mixture of metals 
sometimes destroys the malleability and ductility pos- 
sessed by either metal singly. 

Friction. 

The principal causes of friction are the roughness 
of the rubbing surfaces, bad workmanship, and the 
equality of the asperities of two surfaces. A bearing 
may be turned ever so nicely and smoothly ; still it 
is rough. It appears smooth to the eye, which can- 
not perceive the pores in the surface; and if, with 
good workmanship, the bearing is still rough, requiring 
oil to get it to work with ease, we may be sure that bad 
workmanship is expensive workmanship. The same 
may be said of a smooth bearing, if we ignore the fact 
that some substances are smoother than others, and some 
are harder than others. The degree of friction of two 
bodies in contact, depends upon the pressure of the one 
on the other, and is nearly independent of the area of 
the surfaces in contact. It depends on the nature of 
the materials in contact, and on the nature of the 
lubricant, as oil, or tallow. 

Friction does not materially increase with the extent 
of the rubbing surface, and, therefore, it is an obvious 
advantage that the bearing surfaces of steam engines 
should be as large as possible. There is a great 
increase in the durability. In fact, ordinarily, less 
power is required to drive a shaft having a long 
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bearing than one having a short bearing, since the 
surface being large, the pressure is not so great per 
square inch, and, therefore, it is lubricated better, and 
thus the gain from reduction of the friction is greater 
than the loss attributable to the increase of the diameter 
of the bearing. 

The size of the bearings, then, should be a matter 
for consideration beyond, or besides, that required to 
obviate a break-down. The pressure or weight on the 
shafting should be distributed over a surface of suflScient 
extent, so that the pressure per square inch may bo 
reduced as much as possible, and the resistance due to 
friction reduced, enabling the oil to cover the bearing 
well, and at the same time maintaining the bearing at a 
low temperature and preventing the oil from being 
carried off by heat. 

Whilst friction does not materially increase with the 
velocity of the rubbing surfaces, it increases in amount 
as the velocity per unit of time during which the 
friction is excited. Thus, the friction for each stroke 
of a piston is the same, whether it makes 20 strokes or 
40 per minute, but in the latter case there are twice 
the number of strokes; and, therefore, the friction 
per stroke is the same, but the resistance of friction per 
minute is doubled. 

The term "co-efl5cient of friction" signifies the 
proportion which the resistance to sliding motion has 
to the force which presses the surfaces together, or, in 
other words, it is a certain fraction which when multi- 
plied by the normal pressure gives the friction. Thus 
a smooth, clean, and dry brass plate, loaded with 
100 lbs. will require a force of 22 lbs. to slide it over 
a cast-iron one in a similar condition, and that is 
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twenty-two one-hundredths of the weight ; and the 
co-effielent of friction is '22. With any other weight 
or pressure on the plate we could determine the force 
required to slide it by multiplying the pressure by the 
co-efficient of friction. Thus, if the plate be loaded 
with 250 lbs., the force required to move the plate 
would be 250 X -22, which product is 44 lbs. The co- 
efficient of friction varies for difEerent materials. It is 
0*22 for brass and cast-iron, while it is 0*15 between 
cast-iron and cast-iron, and between two pieces of wood 
about 0*4. These co-efficients apply to clean, dry sur- 
faces. The amount of friction is considerably reduced 
by lubricants, and by the manner in which they are 
applied. 

It has been proved that when a bearing is but 
slightly greased it is no better than when dry ; but 
when it is properly oiled the co-efficient of friction is 
reduced as low as 025. Between -22 and -025 there 
may be any degree of frictional resistance according to 
the condition of the bearing and the lubrication. For 
the purpose of calculation the co-efficient of friction is 
generally taken as -07. 

There is another point worth mentioning, and that 
is, that under varying conditions different lubricants 
are required, as pressure has a tendency to press out 
the lubricant, and then the amount of friction depends 
more upon the nature of the unguent than upon that 
of the surfaces in contact. Up to a certain pressure 
per square inch, mineral oil may be used with good 
results, as it contains no vegetable matter and keeps 
the bearing clean. In fact, mineral or rock-oil is 
extensively used, and by its volatile nature it assists 
in carrying the heat away. Unlike many of the fixed 
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oik^ it does not leave a resinous matter behind it ; but 
it is easily evaporated by heat, and takes fire at a much 
lower temperature than animal oil or vegetable oil. 
Still, it is capable of good service. Equal parts of 
pure lard oil and paraffin make an excellent lubricant. 
Lard oil is sometimes adulterated with cotton-seed oil 
— a cheap oil, and one almost worthless for either 
lubrication or burning in a lamp. 

Grease or tallow mixed with oil is the only substance 
that will suit very heavy bearings, and in some in- 
stances grease and plumbago will prove very eflfective 
in reducing friction and getting a bearing round to 
itself again ; or, it can be used regularly. A very small 
portion of plumbago — just a pinch or two per day — 
will fill up the holes in the bearings and produce a very 
smooth surface. Grease for cylinders should be replaced 
by good oil. Impure grease or tallow found, often in 
black pieces, in the cylinder, is very destructive to the 
engine. 

Syphon. 

A syphon consists of a number of worsted threads 
through which the oil rises to some height above the 
level in the oil-cup, and then descends to the journal. 
When these threads are crowded into a syphon pipe 
they cannot work properly. Again, they cannot pass 
solids, and, therefore, they are useless for tallow when 
in a congealed state. Once more, the syphon ought to 
extend so far down the tube that its extreme end is 
below the bottom of the oil in the cup. 



CHAPTER in. 

THE STATIONAKY EXGKE— COXDEXSIKG BEAM 

EXGKE. 

Plate I. — a is the cylinder, securely bolted to the 
base-frame J 2, placed inside the outer casing or steam- 
jacket B 2. 

B is the valve or nozzle ; c the cylindrical slide-valve, 
by which the admission of steam to the cylinder is 
regulated, as well as the exhaust to the condenser. 
A 1 is the upper steam-port ; a 2 is the lower steam- 
port ; B 1 is the throttle- valve in the steam-pipe. It 
is here shown in the position it occupies for conveni- 
ence ; but it is usually placed close to the nozzle, d is 
the piston, to which the piston-rod e is attached by 
means of the conically formed end, and the nut eI. 
The piston-rod passes through the stuffing-box a 3, and 
the upper end is fixed to the middle cross-head e 2. f, 
the main-links of the parallel-motion connecting the 
cross-head to the cylinder-gudgeon at the end of the 
working-beam or main-lever c. The parallel-motion 
consists of the main-links f, the back-links f 1, the 
parallel-rods f 2, and the radius- rods f 3. There is a 
complete set of this motion on each side of the main- 
lever or beam. The parallel-rods connect the cross- 
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head e 2 at the lower ends of the main-links, to the 
cross-head f 4 at the lower ends of the back-links. 

The radius-rods connect the cross-heads at the lower 
ends of the back-links, to the studs or pivots h 2. 

H is the spring-beam to which the brackets sup- 
porting the studs are secured. The upper end of the 
air-pump-rod q1 is fixed to the middle cross-head 
q2. The back-links connect this cross-head to the 
gudgeon q 3, fixed in the main-lever. 

The fimction of the parallel-motion is to keep the 
piston-rod and the air-pump-rod in direct vertical 
lines of ascent and descent, thus preventing the side 
strains which would, if they were not so supported, act 
upon them when at work, arising from the curvilinear 
motion of the end of the beam. 

The centre or main gudgeon g 1, on which the main- 
lever oscillates, is supported by bearings or "plummer- 
blocks,'* one on each side of the main-lever. These 
are bolted to the spring-beam and to the entablature J, 
beneath the spring-beams. The entablature supports 
the spring-beam under the main-gudgeon. The ends 
of the spring-beam are secured to the cross- girders h 1. 
The extremities of these girders, and of the entabla- 
ture, are built into the walls of the engine-house. 

The entablature is further supported by the columns 
J 1, one under each main plummer-block. 

The upper ends of the columns are firmly fixed to 
the entablature ; and the lower ends to the base-frame 
J 2. The base-frame is secured by holding-down-bolts 
to the foundation. 

The gudgeon at the other end, g 3, of the main- 
lever, is connected by the connecting-rod k to the 
crank-pin k 1, fixed in the end of the crank k 2. 

D 
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The crank-sliaf t l, to the end of which the crank is 
firmly keyed, is supported by and revolves in the bear- 
ing L 1, bolted to the base-frame. 

The fly-wheel l 2, and the excentric m — shown on 
the drawing in dotted lines — are likewise keyed to 
the crank-shaft m 1. The excentric-rod connects the 
excentric to the lever m 2. Levers, n 1, are placed on 
the same shaft, at right angles to the lever m 2, one 
on each side of the slide-case. 

N the rocking-shaft or weigh-shaft, on which the 
levers n 1 and m 2 are keyed. 

The side-links c 3 connect the ends of the levers 
N, 1, to the cross-bar c 2, on the slide-spindle. 

The slide-valve rod or link, c 1, is fixed at the lower 
end to this cross-bar, and at the upper end to the slide- 
valve. 

N 2 is the balance- weight, fixed on the back end of 
the lever n Ij to balance the weight of the slide-valve 
and the rods, o 1 is the exhaust-pipe leading to the 
condenser o. o 2 is the injection-sluice, by which the 
injection-water for condensing the steam is admitted, 
as a jet, and the amount regulated, o 3 is the passage 
from the condenser to the air-pump p. p 1 are the 
suction- valves ; p 2 the delivery- valves ; q the air- 
pump-bucket, provided with valves, q 1 the air-pump- 
rod, fixed at the lower end to the bucket, and at the 
upper end to the middle of the cross-head q 2, as 
already mentioned, r is the hot-well ; s the cold- 
water cistern, in which the condenser and the air- 
pump stand, surrounded by water, s 1 the overflow- 
pipe for waste water, t is the cold water pump ; t 1 
the suction- valve ; and v the pump-bucket, also sup- 
plied with a valve, v the rod connecting the bucket 
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to the gudgeon v 2, fixed in the main-lever ; t 2 the 
delivery-pipe to the cold-water cistern, v the feed- 
pump ; w, the plunger, connected to the gudgeon w 2 
in the main-lever by the rod w 1. v 1 is the suction- 
pipe from the hot-well, v 2 the delivery-pipe to 
boilers, x the standard supporting the governor. 
X 1 is the governor-spindle, on the lower end of which 
is keyed a bevil-pinion worked by a bevil-wheel fixed 
on the shaft ; x2 is the fulcrum at the upper end of 
the spindle for the arms or bell-crank levers x 3. The 
governor-balls x 4 are fixed to the extremities of the 
lower arms. The ends of the upper arms are connected 
by the links y 1 to the sliding-brass y. The rod y 3 
is attached at the lower end to the sliding-brass by the 
swivel- joint y 2 ; and is connected at the upper end to 
the bell-crank lever z. 

The rod z 2 connects the lower arms of the bcU- 
crank levers z and z Ic The other arm of the beU- 
crank lever z 1 is connected by the rod z 3 to the 
end of a lever fixed on the throttle- valve spindle. To 
this spindle the throttle-valve b 1 is also fixed. 

The working of the engine is as follows : — To start 
the engine, the first operation is to get rid of all the 
air and water in the cylinder and steam-passages, and 
to warm the cylinder by admitting steam to the 
jacket b2. This is effected by blowing through a 
quantity of steam into the condenser. The steam is 
condensed and a vacuum is produced at one side of the 
piston ; whilst steam is admitted to the other side. 

These operations are carried out by working the 
hand-lever m 3, fitted to the lever m 2 on the weigh- 
shaft ; the excentric-rod m 1 being meanwhile discon- 
uected. The slide-valve is then moved alternately uijj 
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and down, in order to distribute the steam to the 
upper side and the under side of the piston. By this 
operation the engine is set in motion. The end of the 
excentric-rod m 1 is then thrown into gear by con- 
necting it to the lever m 2 by hand. The slide-valve 
is kept in motion by the excentric m on the crank- 
shaft. The excentric is a circular disc, so formed 
and placed on the crank-shaft, that the centre of the disc 
is at a given distance from the centre of the shaft, and 
revolves about it. The periphery, or outer edge of the 
excentric, is grooved, and the excentric-rod is connected 
to it by means of a ring or excentric-strap, as it is 
termed, fitting into the groove. The excentric-strap 
is made in halves, bolted together ; one half being 
secured to the excentric-rod. 

By this arrangement the strap is easily placed upon, 
and maintained on, the excentric ; and whilst it em- 
braces the excentric, it admits of the excentric revolv- 
ing within it. 

The result of this combination is that, whilst the 
excentric revolves with the shaft, a reciprocal lateral 
motion is imparted to the excentric-rod, and to the end 
of the lever m 2 to which it is connected, the extent of 
the reciprocating movement being equal to double the 
distance between the centre of the crank-shaft and that 
of the excentric. This distance apart of the centres 
is termed the throw of the excentric. 

As the levers m 2 and n 1 are of equal lengths, and 
both are keyed to the weigh-shaft, the end of lever n 1 
moves through a space equal to that traversed by m 2. 

The same motion is transmitted through the links 
c 3, and the slide-valve-rods to the slide-valve. 

The shaft, in continual rotation^ causes also the 
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excentric to revolve ; and the horizontal movement of 
the excentric is communicated to the excentric-rod, 
which in its turn, by means of the levers and rods, 
imparts a reciprocating movement, though in a different 
direction, to the slide-valve ; the extent of movement 
communicated to the valve being equal to the whole 
traverse of the excentric, or to twice the throw. These 
preliminaries being understood, the movements and 
working of the engine may now be considered. 

Starting the Engine. — Let the engine be in the posi- 
tion where the piston has described one-fourth of its 
descending stroke. By the mechanism just explained, 
the slide-valve is placed in such a position that the 
upper steam-port is left open to the steam &om the 
boilers, which enters through the throttle- valve and 
the slide-case to the cylinder, and forces the piston 
downwards. 

The lower steam-port is open to the exhaust, and 
the steam which was admitted to the lower end of the 
cylinder, and by which the previous up-stroke was 
made, has passed out and down the exhaust or educ- 
tion-pipe to the condenser. There it meets the jet of 
injection-water supplied from the cistern. 

The water is forced into the condenser through the 
injection-pipe and sluices by the pressure of the atmo- 
sphere. The steam, as it comes into contact with the 
cold water, is instantly condensed, and a vacuum is 
formed in the condenser, and in the cylinder below the 
piston. The water employed for condensing the steam, 
and the condensed steam itself, occupies the lower part 
of the condenser, until it is pumped out by the air- 
pump. 

The steam is prevented from leaking past the piston 
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by the packing-ring d 1, which is kept in its place by 
the ring d 2 secured to the piston. The packing-ring 
is forced out against the cylinder by means of springs 
fitted in the space within the piston, at the back of the 
spring. 

As the piston and its rod descend, the end g 2 of 
the main-lever is also depressed, and at the same time 
the air-pump bucket is forced down by means of the 
air-pump rod. 

The water occupying the lower part of the pump, 
which by the previous up-stroke had been drawn from 
the condenser, is prevented from returning by the valves 
r 1, which are now closed. As the bucket descends 
into the water the bucket-valves, which open upwards, 
allow the water to pass to the upper side ; when the 
bucket arrives at the bottom of the stroke the valves 
are closed, and they prevent the return of the water to 
the lower part of the pump. 

As the main-lever oscillates on the centre g 1, the 
depression of the end g 2 causes the opposite end to 
rise ; and by means of the connecting-rod the crank 
K 2 is pulled up towards the highest point of its revo- 
lution. 

The bucket of the cold-water pump is also being 
raised by the rod connecting it to the gudgeon v 2, 
delivering the water above the bucket into the cold- 
water cistern, through the pipe t 2. 

The water is, at the same time, drawn into the pump 
through the suction-pipe and the open suction-valve 
T 1. When the bucket reaches the top of its stroke, 
the valve t 1 closes. 

At the same time the feed-pump-plunger is raised 
by the rod connecting it to the gudgeon w 2. 
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The delivery- valve w 4 is closed, and tlie water is 
drawn in from the hot-well, through the suction-pipe 
and open suction- valve w 3. This valve will also close 
when the plunger reaches the top of its stroke. As 
the piston nears the bottom of the down-stroke in the 
cylinder, the altered position of the sKde-valve opens 
the upper part to the exhaust. The steam immediately 
rushes out of the cylinder, and down the middle of the 
slide-valve and exhaust-pipe, to the condenser, where, 
meeting as before the injection-water, it is condensed 
— forming a vacuum in communication with the upper 
side of the piston. By the continued movement of the 
sKde-valve, it gradually opens the lower part to the 
steam from the boiler, and enters the cylinder under 
the piston. The piston is then forced upwards. 

The end o 2 of the main-lever is also forced up, and 
with it the air-pump bucket is raised. 

Air and water are thus drawn from the condenser 
through the suction-valves into the air-pump, and 
they are prevented from returning by the closing of 
the valves. 

The water above the bucket is forced through the 
delivery-valves p 2 to the hot-well. The supply of 
feed water for the boilers is drawn from the hot- well 
by the feed-pump. 

The waste water overflows through the waste-pipe 
R 1. The end g 3 of the main-lever is now depressed, 
and with it also the cold-water pump-bucket, and feed- 
pump plunger. 

The suction- valve of the cold-water pump being now 
closed, as the bucket descends, the water in the pump 
passes through the bucket-valve to the upper side, 
ready to be delivered to the cistern by the next up- 
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stroke. The suction- valve of the feed-pump also being 
closed, the descending plunger forces the water now in 
the pump through the delivery- valve to the air-vessel 
V 3, whence it is conducted through the delivery-pipe 
to the boilers. 

The use of the air-vessel is to form a cushion of air, 
the elasticity of which prevents or modifies the sudden 
impulses or shocks which would otherwise be given to 
the pump and its parts by the inelastic movements of 
water, which is incompressible. 

The depression of the end g 3 of the main-lever 
causes the depression of the connecting-rod, forcing 
down the crank-pin towards its lowest point. 

By the movement of the engine, the position of the 
slide-valve is again changed ; and, as the piston nears 
the upper end of the up-stroke, the lower steam-port 
is again opened to the exhaust, and the steam passes 
to the condenser, as before. The upper steam-port is 
then opened to the steam from the boilers, and the 
piston is again forced down. 

For each revolution of the crank-shaft there are two 
positions of the crank, called the dead points, at 
which the power of the engine exerted through the 
connecting-rod has no influence in causing revolving 
motion. 

The dead points are those at which the crank-pin is 
at the highest and lowest positions of its revolution (1 
and 2, Fig. 1, page 46). 

When the crank is at the highest and lowest posi- 
tions, the force of the steam on the piston is exerted 
in simply pulling or pushing the crank-shaft upwards 
or downwards. 

To compensate for this characteristic of the action 
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of a crank, the fly- wheel, which is keyed to the 
crank-shaft, comes into play. By the momentum 
acquired by the fly-wheel during the intermediate 
portions of each revolution, when the crank is taking 
up the power of the engine, the crank is carried past 
the dead points ; and thus from the up-and-down 
motion of the connecting-rod the continuous circular 
motion of the crank is obtained, and the shaft is made 
to rotate. 

By the momentum of the fly-wheel also the engine is 
caused to work more equally and more smoothly than 
it could possibly work without such co-operation. 

The use of the governor is to maintain the engine 
at a regular speed, and to proportion the quantity 
of steam used to the work which is to be performed. 

The principle of centrifugal force is here applied. 
When the engine goes too fast, the rapid rotation of 
the shaft is communicated to the spindle of the 
governor and to the balls by means of the bevil- 
gearing. 

The centrifugal force thus generated causes the balls 
to fly outwards and the upper arms or levers to rise. 
The brass-slide y is thus forced up, and the movement 
is transmitted through the rods and bell-crank levers 
(as indicated in the drawing) to the throttle-valve, by 
which it is partly closed. 

The quantity of steam admitted being thus reduced, 
the too rapid speed of the engine is checked and re- 
duced. Conversely, if the engine is moving more 
slowly than when at its regular speed, the velocity of 
the governor is lessened and the balls fall. By the 
fall of the balls the brass-slide is pulled down and the 
throttle- valve is farther opened ; more steam is thus 
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admitted to the engine^ and its speed is brongbt 
the proper rate. 

Steam is not admitted into the cylinder dazinj 
whole of the stroke of the piston ; on the contrar 
slide-valve is closed, and the supply of steam is c 
to the cylinder before the stroke of the piston it 
pleted. The enclosed body of steam expands I 
piston moves on to the end of the stroke, and fill 
cylinder. But the pressure of the expanding 
decreases as the space into which it expands incR 

This is the principle of the expansive-world 
steam-engines. The practice of expansive-wo 
to a greater or less degree is universal, and i 
means of efEecting economy of fuel to a consid 
extent. 

Though the maximum available power of an € 

may be reduced by the practice of expansive- 

ing, yet, on the other hand, if steam from the 

were to follow the piston right to the end < 

stroke, the engine would not pass the dead poi 

smoothly as when it is cut oflF short of the end i 

stroke; and, besides, the exhaust-passage wovi 
come choked with steam, and the final result 

be a considerable increase of back-pressure. 
Thus, if the steam is cut off at one-third 

stroke, the remaining two-thirds of the cylindei 

is reserved for the expansion of the steam lodj 

the first third part. 

It is found in practice that steam is saved in { 
proportion than the power is reduced. Hen( 
economy of the principle. 

A certain quantity of power is really gained, 
will be evident on consideration that althoug 
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pressure by whicli the piston is impelled by steam 
worked expansively is gradually decreased as the 
volume of the steam in the cylinder increases, all the 
power given out by expansive action is obtained without 
the expenditure of any additional steam, and without 
any additional expenditure of fuel. On the expansive 
principle, steam of a higher pressure is used than is 
ordinarily the case in condensing steam-engines, where 
a low degree of expansion only is carried out. 



CHAPTER IV. 

DETAILS OF THE STATIONARY ENGINE.— CONDENSING 

BEAM ENGINE. 

Although tlie " key *' to tlie engine embraces as a 
ready reference a general view of its parts, yet only a 
cursory knowledge of tlie details can be obtained from 
it. The practical information wbicli the engineman 
seeks can only be given by another process — namely, by 
applying to each detail a due amount of explanation, 
so as to give the why and the wherefore of each. 

While it may be sufficient for one man to know that 
the steam is let into the cylinder by the slide-valve, 
another requires to know the benefits of lap and lead 
— the properties of the slide-valve. One man may be 
satisfied with nothing short of knowing how to test 
valves, and in fact not satisfied at all until he can see 
through the engine as plain as he can see his face in a 
glass. 

Cranky k 2. (Plate I.). — If claims to the glory of first 
suggestions or of original invention are to be rigorously 
insisted upon, then the name of Jonathan HuUsmust be 
made mention of. The crank motion, of which he was 
the patentee, is alone sufficient to immortalise his name 
amongst mechanics. A considerable time elapsed after 
the invention of the engine before a crank was em- 
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ployed to produce a rotatory movement from the reci- 
procating action of the engine beam. It is a remark- 
able fact that whilst much talent and ingenuity were 
being employed to find out a plan which should convert 
a rectilinear motion into a circular motion, and so 
utilise the engine for driving machinery as well as for 
pumping water, the means were nigh at hand, even in 
the street, to be seen in the knife-grinder's wheel. 
But where a rotatory motion is to be obtained from a 
reciprocating one, by means of the crank, a fly-wheel, 
l2, is necessary to continue the motion at those two 
points of the revolution, called the dead points, in 
which the crank lies in the direction in which the 
moving force acts, for at the dead points the crank 
affords no leverage to the power, and consequently no 
power can be effectively exerted. "When a force is 
alternately applied suddenly to a body, and ceases to 
act, it is an intermittent force. Such is the nature of 
the action of the steam on a crank through the con- 
necting-rod which ceases to impel the crank at the 
dead points. With the aid of a fly-wheel on the 
crank-shaft, after a few revolutions momemtum is 
acquired sufficient to carry the crank past the dead 
centres, and to urge it forward in the direction of its 
circular motion until it is brought into a position again 
to offer leverage for the steam acting through the con- 
necting-rod. When steam is urging the piston it is 
urging the crank ; when its power ceases on the piston 
it ceases on the crank, and the augmentations and the 
diminutions of the power thus exerted, which follow 
each other rapidly, are by the momentum of the fly- 
wheel as a reservoir of force, converted into equable and 
regular action. But at every revolution of the crank 
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and fly- wheel, the heavy piston and the massive beam 
with its appendages have to be twice reversed in their 
motion ; and were these reversals to be suddenly 
effected the engine-house would soon come down. 

The shock at the reversal of the motion is prevented 
by means of the crank. Let a b, Fig. 1, represent the 
crank, equal to half the length of the piston stroke 1 2, 
or half d /, and let d c a c/ represent the semicircle 

through which the crank travels 
whilst the piston performs a stroke, 
1 to 2 ; then, with lines drawn from 
the stroke line to the crank-path 
line, it will be seen that the piston 
travels from b to g nearly at the 
same speed as the crank, and in the 
same time as the crank travels from 
a to c. But let us regard the next 
and finishing part of the perfor- 
mance: whilst the crank moves 
^* ^' through the space c to d, the 

piston moves from g to d, only half the distance, and 
therefore at haK the speed, and so the piston is checked 
and slowered in its speed as it nears the ends of the 
cylinders, and the shock which otherwise would have 
occurred is avoided. 

Link-motion, — ^The link motion is not fitted to all 
engines, as in some cases it would be superfluous, and 
would only increase the number of working parts of 
the engine. Any saving of fiiel that might be effected 
by it would not atone for the expense of making it 
and keeping it in order. 

The principle of expansion can be attained, with 
sufficient economical results in some cases, bp means of 
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the lap on the slide'Vake, independently of a separate 
expansion- valve, which is sometimes used to cut tho 
steam off at any required portion of the stroke. 

Therefore the link-motion is not absolutely required 
to obtain expansion. Some young enginemen are apt 
to think if an engine is without the " link '' it is work- 
ing without expanding the steam. It is not so. The 
steam is generally, in engines not fitted with the link, 
cut off at one-third of the stroke by means of the lap. 
Practical considerations form the best guide as to tho 
"cut-off,'' but in cases where the load upon the piston 
is uniform, there is no reason why the cut-off should 
not be uniform also. The same argument would not 
apply to an engine whose piston worked under varying 
loads, especially where expeditious starting was re- 
quired, and varying loads and speeds were involved. 
Then the expansion gear is employed with fine effect, 
as the steam can be allowed to follow the piston to 
nearly the end of the stroke, to get the speed up 
quickly, or it can be cut-off at one-eighth of the 
stroke. 

The link-motion is also employed for the purpose of 
reversing engines. It consists of two excentrics, with 
their respective rods attached to the curved link, which 
is jfrequently formed to a radius equal to the length 
of the rods. 

The link is made open ; a " die " block, which is in 
connection with the valve, may be made to traverse it 
by shifting the link. The horizontal motion of the 
link is communicated to the valve by the joint action of 
the excentrics. When the die is in the centre of the link, 
the travel of the valve is reduced to a minimum, being 
equal to twice the linear advance of the excentric. One 
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excentric moves the top of the link one way, whilst the 
other excentric moves it the other way, so that the 
reciprocating motion at the centre is just as much one 
way as the other, and if steam were turned on it would 
have no effect in moving the engine when the valve 
has not sufficient travel to uncover the ports. But by 
lowering the link the amount of travel is increased ; and, 
when the link is lowered to the full extent, the valve 
receives its maximum travel ; the excentric-rod occu- 
pying a position as nearly as practicable in a straight 
line with the valve- spindle. Thus the amount of 
travel which is communicated to the valve depends 
upon the distance at which the movable block may be 
from the central point in the link. By moving the 
" die " up and down in the link — ^which is, in effect, the 
same as the lowering or raising of the link on the die 
— the amount of travel of the valve may be varied; 
and seeing that the travel of the valve is the measure 
of the lap, to reduce the travel by raising the link is 
equivalent to increasing the lap, and hence it is that 
the link-motion derives its advantage in being able to 
regulate the amount of expansion, sb that the steam 
can be measured out to suit the load upon the piston. 

Parallel-motion, f. — The object of the parallel- 
motion is to provide for the rectilinear motion of the 
piston-rod, and to counteract the oblique push from the 
end of the beam. As the beam in all beam engines 
vibrates upon a centre, the end of it describes a portion 
of a circle over the piston-rod. The piston-rod, on the 
contrary, is bound to move up and down in a right 
line ; it cannot, therefore, be directly attached to the 
end of the beam, and hence the intervention of the 
elegant mechanism called the parallel-motion, by means 
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of wHcli the alternating rectilinear motion of a piston 
is made to work harmoniously with the alternating 
curvilinear motion of a rocking heam. The motion 
consists of the main-links f, the back-links f 1, the 
parallel-rods f 2, and the radius-rods f 3. The parallel- 
rods connect the cross-head e 2 at the lower ends of 
the main-links to the cross-head f 4 at the lower ends 
of the back-links. The radius-rods connect the cross- 
head at the lower ends of the back-links to the studs 
or centres h 2 on brackets by the sides of the piston- 
rod. 

The principle of the motion is briefly this : The 
motion of the end of the parallel-rod F 2 is so con- 
fined by the motion of the end of the radius-rod to the 
point E 2 as to cause it to describe a right line. By 
doing so it maintains the alternating rectilinear motion 
of the piston in the same path. 

Oovernor, — The application of this fine piece of 
mechanism for governing the supply of steam to the 
cylinder was made by Watt. The governor was not 
invented by him : in his day it was in use in many 
corn-mills^ which, from the days of the Romans, have 
been the nursery of engineering skill, invention, and 
superior millwrighting. The great man saw it regu- 
lating the speed of the stones so that their centrifugal 
force should not exceed the centripetal force, and the 
brilliant thought occurred to him that it could be used 
for governing the speed of the steam-engine : a very 
desirable object to be effected, since engines are liable 
to "race," with the contingency of breaking them- 
selves to pieces. It is not by any means a rare occur- 
rence for a fly-wheel, or a part of a fly-wheel, to break 
through the wall of an engine-house in consequence of 
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the engine not being well under the control of the 
governor. All forces act in right lines, and when a 
mass of iron is moving in a circle it has a tendency to 
fly off in a right line, forming a tangent to the circle 
of motion. This tendency may be simply exemplified 
by whirling round a can of water or a weight by 
means of a string. As the speed of revolution is 
accelerated it is found necessary to hold the string 
more and more tightly. Now the force which pulls 
the string is the centrifugal force, and when this force 
is alarmingly increased, in the case of an engine run- 
ning off too fast, the danger is that the fly-wheel will 
burst and fly to pieces, the centripetal force due to the 
cohesion of the metal keeping it together having been 
exceeded by the centrifugal force. Now the engine 
governor is specially adapted to keep the speed below 
such a dangerous point. When the engine is in motion, 
the motion of the shaft, on which the fly-wheel is 
keyed, is communicated to the governor-spindle x 1, 
at the lower end of which is a bevil-pinion worked by 
a bevil-wheel fixed on the shaft. 

The centrifugal force thus generated in the governor- 
balls causes them to fly outwards and the levers to 
rise. The brass-slider y is forced upwards, and the 
connecting-links y 1 brought downwards. 

This vertical movement is transmitted, through the 
rods Y 3, which are lowered, to the bell-crank lever z ; 
and thence through the rod z 2, by which the lower 
arms of the bell-crank lever are connected to z 1, the 
other arm of the bell-crank lever, z 1 is connected by 
the rod z 3 to the end of a lever fixed on the throttle- 
valve-spindle, and to this spindle is attached the 
throttle- valve b 1, which is open when the engine is at 
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rest, and the opening of which is reduced as the speed 
is increased. When the speed becomes greater than 
the regulated speed the governor-balls fly outwards, 
and in the manner just described steam is partly cut 
off and the speed reduced. 

Piston, D. — ^There is no part of a steam-engine which 
requires to be more truly and accurately fitted than 
the piston. It consists generally of a hollow disc of 
cast-iron — strongly ribbed in large engines — with a 
tapered hole in the centre, which fits the corresponding 
conical end of the piston-rod. The rod is secured to 
the piston by means of a strong brass nut and a check- 
plate. 

The piston-rod is readily removed by undoing the 
check-plate and unscrewing the brass nut whilst the 
piston is warm, when it easily leaves its conical seat 
in the piston. The outside of the piston is turned to 
fit the cylinder so that it will work up and down 
without binding anywhere and without being slack. 
If it does not touch the cylinder at every part when 
the steam is admitted on one side of it, the steam will 
blow through and will react on the other side of the 
piston, so neutralising a part of the force on the first 
fisice. If the piston were to fit the cylinder too tightly 
it would rub hard against the sides of the cylinder, 
and the friction thus set up would soon cause it to 
become too slack. Steam would then blow by between 
the cylinder and the piston, or between the rubbing 
surfaces. The pistons of themselves could not be made 
to retain the requisite tightness for any length of 
time. For this reason, special provision is made 
for packing the piston. Around the outside of the 
piston a recess, or a series of recesses, are turned out 
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to receive a steel spring, immediately outside of which 
is fitted a cast-iron ring, which is turned and finished 
a little greater in diameter than the cylinder, so that 
when a piece is cut out with a saw and the space closed 
by compressing the ring, it will then fit the cylinder 
accurately and not too tightly. Its tendency to 
spring out causes it to press against the sides of the 
cylinder, and thus it is that an elastic metallic ring 
prevents the steam blowing past the piston. This 
metallic ring is kept in its place by means of a junk 
ring applied to the outer face of the piston, and 
fastened by screws to the body of the piston, so 
adjusted as to allow the metallic ring freedom to work 
round in the recess, and force itself outward in all 
positions of the piston. If the junk ring happen 
to be screwed down so as to jam the metallic ring, 
then the steel spring underneath it is prevented from 
exercising its function of assisting to keep the metallic 
ring in uniform contact with the barrel of the 
cylinder. 

Air-vessel, v 3. — This vessel is fitted on the delivery- 
pipe or the upper side of the pump- valve boxes. It is 
a contrivance for continuing the flow of water when 
the impelling force of the ram has ceased to act, or 
whilst the pump-ram is making the outdoor stroke. 
It thus keeps the discharge more nearly constant than 
it would be without the air-vessel. It also prevents 
the shocks which would arise from the sudden stoppage 
of the water whilst in motion, and obviates the loss of 
power which would be involved in stopping and start- 
ing the water from a state of rest at each stroke. 
With a single-acting pump, imagine that the dis- 
charge of water into the delivery-pipe is faster than it 
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can escape tlirougli the deKvery-valve, the water rises 
in the air-vessel which contains air, and the air is 
compressed proportionately to the pressure concen- 
trated upon the water. On the return -stroke of the 
ram, as it makes the outdoor stroke, the valve above 
the pump closing, the compressed air in the upper part 
of the air-vessel expands and reacts on the water inside 
of it, and continues to expel the water until the 
pressure of the air becomes equal to the back-pressure 
of the column of water between the air-vessel and the 
mouth of the delivery-pipe. The air acts, therefore, as 
a sort of elastic cushion in the air-vessel, and neutral- 
ises irregularities in the working of the pump. The 
pump works all the better with an air-vessel ; the 
air-vessel takes the knock off the pump. The knock 
takes place when the ram makes the suction-stroke, 
and the water in the delivery-pipe falls back suddenly 
upon the valve or clack, forcing it down upon its seat 
with a rattle. But, as already explained, the knock is 
obviated by the action of the expanding air, which 
keeps the water back and continues it in motion to- 
wards the boiler. In large pumping-engines, supplying 
water in great quantities or at great pressures, it is 
found imperative to form a reservoir of air in the air- 
vessel to counteract the irregularities which take place 
in the mains. A special pump is, in fact, employed to 
pump air into the air-vessel, so that, by means of the 
elastic power of the compressed air, which is limited 
by self-acting valves of the ordinary lever safety-valve 
Mnd, the shocks and irregular actions which are set up 
in the mains are counteracted. 

Valve-motion. — One of the earliest and simplest con- 
trivances for reversing the course of the passage of 
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steam into the engine was a four-way cock, whicli was 
used by Leupold a hundred years ago, but was invented 
by Papin many years before that time. 

But it may be well to mention that, two hundred 
years ago, the piston was reversed by withdrawing the 
fire, when the steam was condensed by cooling the 
cylinder by the air from the outside. In the next 
stage of improvement the fire was retained, and the 
cooling of the cylinder, and the consequent condensation 
of steam, was efiected by dashing cold water over the 
cylinder. 

It appears very strange that our ancestors should 
have contrived to raise a piston and not at the same 
time discovered how to lower it with equal facility. 

Following the plan of condensing the steam after it 
had lifted the piston to the top of the cylinder by 
cooling from the outside, means were used to cool the 
cylinder within by opening a cock and flooding the 
cylinder with water from a tank fixed above, so that 
the water could enter by the force of gravity. The 
steam having been condensed, and the contents of the 
cylinder run off*, a vacuum was formed and, the top of 
the cylinder being open to the air, the pressure of the 
atmosphere on the face of the exposed piston lowered 
it to the bottom of the cylinder, and at the same time 
lifted a bucket full of water from the mine. The steam 
was again admitted by a cock to raise the piston, and 
by the same movement the empty bucket was lowered 
into the water. Thus, the lifting of the water, which 
was the work done, was not performed by steam, but, 
as already explained, by the atmospheric pressure, 
which pressed the piston into a vacuum beneath it. 
Hence it is that such engines were called atmospheric 
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engines. The pressure of the atmosphere is 14| lbs. 
per sqnare inch^ and with a piston having an area of 
100 square inches 1,475 lbs. of water could be lifted 
from the mine to a height equal to the length of the 
cylinder. The elastic force of the steam was the first 
power^ and the atmospheric pressure was the second 
power. The operation of working such an engine re- 
quired constant attendance. If steam was admitted to 
the cylinder too long, the piston was sent out of doors 
into the fields ; and if it was allowed to descend with 
its whole force to the bottom of the cylinder the 
chances were that the engineman would find himself 
up to his neck in scrap-iron. 

The management, therefore, required constant super- 
vision with sprightly action to make a fair number of 
strokes per hour. A fair day's work was done when 
fourteen strokes were made per minute. 

This necessarily wearisome and constant watching 
of the piston became distasteful to a young engineman 
named Humphrey Potter, a " Staffordshire knot," and 
lie concocted a catch applicable to the steam-cock, and 
which was moved by a piece of string attached to the 
beam, and made the engine comparatively self-acting. 
Humphrey was quite a lad, and this was done to allow 
him to do a little business amongst the "birdies," to 
look for a tomtit's nest in the stump of an old oak, or 
climb a fir-tree for a hatch of thrice-cocks. 

This device of Potter's drew attention to the advan- 
tage of making the engine more nearly self-acting, and 
the incident gave rise to many and useful inventions 
which have since become incorporated in the valve- 
motion. 

As time advanced, the gear was made up of "tumbling 
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"forked-legs," "centre-pins," " shanks," " span- 
ners,' ' " tooth-sectors," "snift- 
ing-valves," " valves " mov- 
ing on a hinge. By manipu- 
lating these "crinkum-crank- 
ums " the speed of the engine 
was accelerated. 

The valves for admitting 
steam to the cylinder were 
either conical or flat-&ced, 
worked by means of a chain 
or a catch attached to a lever 
suspended from the beam. 

Later on, Watt worked the 
valves, which were conical, 
with tappets on the pump- 
rod, which, in ascending and 
descending, caught the lever 
attached to the valves, and 
therefore opened and shut 
them as required. 

Murdoch, an assistant of 
Watt, invented the D-slide- 
valve and the excentric-gear 
for working it, illustrated 
by Fig. 2, which was a great 
stroke of engineering, and 
takes precedence in its adop- 
tion for general use before all 
other systems, a is the valve, 
b the cylinder, c the back -port, 
d the front-port, and e the 
exhaust-port ; /the cavity of 




Hg, 2— Old Slide-valTfl, 



VALVE-MOTION. 57 

the valve. It will be seen that the outer edges of this 
valve just cover the ports leading to the cylinder, and 
therefore a movement in either direction given to it by 
the excentric would admit steam into one end of the 
cylinder. The piston is at the end of the stroke, and 
the elastic power of the steam when the port is opened 
forces it down the cylinder. When it arrives at the 
bottom the opposite port is opened, and the steam, 
entering at that end, pushes the piston back again to 
the top ; hence the motion of the piston-rod in and out 
of the cylinder. The valve works backwards and for- 
wards over the ports a and c ; the outer edges of the 
valve, when drawn towards/, let steam into the cylinder ; 
and, when they are drawn from/, the ports a and c are 
opened to the cavity of the valve, that is, the chamber 
in the centre of which the letter /stands. From this 
it is clear that the steam-ports a and c cannot be both 
open to admit steam for working the piston at the 
same time ; but, by means of this kind of valve, as 
soon as one port is opened, the other is closed ; and, 
when the port is opened to the cavity of the valve, the 
steam which pushed the piston to the end of the 
cylinder can suddenly return, not into the steam-chest, 
but into the chamber within the valve, and down the 
port e, either into the condenser or the atmosphere. 
In Fig. 3 the steam-port d is shown open to the ex- 
haust-port. The valve is surrounded by steam on the 
outside, waiting for the valve to move aside and allow 
it to enter the cylinder ; the valve inside is open to the 
exhaust to allow the steam to leave the cylinder, which 
it always does when its elasticity is greater than that 
of the atmosphere. But it will exhaust into a vacuum 
with an elasticity less than that of the atmosphere, 
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becauBe a vacuuin is emptiness, and the atmospliere is 
a reservoir of air, having resisting 
power of itself of 14J lbs., or as a round 
number 15 lbs,, per square incb. Tbe 
style of the valve, as given to tbe world 
by the ingenious Murdocb, is repre- 
sented in Fig. 2, and there sire, accord- 
ing to the results of modem practice, 
two defects about it. Tbe first is want 
of lead, and the second is want of lap. 
What is Lead ? — Lead is the amount 
of opening which the valve gives to 
the steam-port when the piston is at 
the beginning of a stroke. Tbe open- 
ing of tbe port is given to enable tbe 
steam to fill up tbe steam-port and the 
clearance at the end of tbe cylinder, so 
that it may act as a cushion for tbe 
piston in completing a stroke, and to 
assist in reversing its motion easily) 
and without straining its connections. 
When the valve opens tbe port by Jth 
of an inch in width before the piston 
arrives at the end of the cylinder, tbe 
valve is said to have ^tb of an inch of 
lead. 

What is Lap? — Lap is shown on 
Fig. 3 at a «. This valve represents 
modem practice. If tbe pieces of the 
valve marked off by the line were 
taken away, it would be tbe same 
valve as Fig. 2, and it would just 

Fig. 3— lAp-vJve. cover the ports in tbe same way. 



^ff 



VALVE-MOTION. 59 

Now, if a valve has fths of an incli of lead, these 
pieces, a a, are f ths of an inch in length at each end, 
back and front, and the valve exceeds the extreme 
width over the steam-ports by twice Jths of an inch, 
or 1^ inches. 

After the steam is cut off by the valve, it is locked up 
in the cylinder until the valve has travelled the amount 
of its lap, instead of being at once released into the 
exhaust by the inner edge of the valve ; during the 
period of this travel the steam is pressing on the piston 
by its expansive force. By means of the link-motion, 
expansive -working may be either shortened or pro- 
longed; the steam can be expanded more than three 
times, or it need not be expanded at all. So much 
for outside lap and lead. But there are also inside 
lap and lead, though not nearly so much as is given 
outside. 

Inside lap is the amount by which each inside edge 
of the slide-valve covers the steam-port when the valve 
is at half-stroke. The steam is prevented by it from 
escaping from the cylinder for a little longer period 
than when there is not any inside lap, and thus 
expansive-working is prolonged. But if inside lap is 
carried too far it may reduce injuriously the time of 
the release, and cause back-pressure. The engine is 
then said to be wrapped up. 

Inside lead is the amount by which each inside edge 
of the slide-valve is clear of the edge of the corre- 
sponding steam-port ; or it is the amount of opening 
of each steam-port to the exhaust, when the valve is 
at half-stroke. It has an effect the reverse of that of 
inside lap, by causing an earlier and freer escape of 
the steam from the cylinder ; but as the steam is not 
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confined in the cylinder so long, it shortens, as a matter 
of course, the period of expansion. 

Back-pressure is the counter-pressure on the piston 
at the side opposite to that on which the steam is at 
work. In a non-condensing engine, it is measured by 
the amount of pressure above the atmosphere, and may 
be caused by inside lap and contracted egress for the 
steam to clear the cylinder. When an engine exhausts 
into a vat at the bottom the back-pressure is enormous, 
unless the steam is released by a valve placed on the 
exhaust-pipe. Back-pressure in a condensing engine is 
the total amount of pressure on the opposite side of the 
piston, measured from the line of perfect vacuum. The 
pressure in the condenser is less than the back-pressure 
on the piston. 

Condenser and its Appendages, o. (Plate I.) — During 
the dog-days of 1764, the professor of the class for 
Natural Philosophy of the University of Glasgow placed 
in the hands of Watt a model steam-engine to repair. 
What this incident led to would fill volumes to tell. 
Whilst engaged upon this model, speculation was 
active in his mind, enthusiasm spread its wings, and 
these potent influences urged him onwards and on- 
wards, when he became the most enduring character in 
the history and progress of the steam-engine. 

The engine was not the invention of any one indi- 
vidual ; it was the outcome of the reflections, the taste, 
the observations, and the experience of many minds. 
The rude outline emanated from a brain having the 
capacity to conceive; its practical adaptation to a 
workable shape with a capacity to execute. The two 
faculties are not always co-existent in the same mind, 
and the palm of victory is carried off by that genius 
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who elaborates the idea, and applies the principle in 
such a way as shall demonstrate its power and value. 
Such a genius was Watt. His means were limited, 
circumstances contracted his pocket, but he had genius 
on his side, and he used that to smooth the ruggedness 
of his path. The immortal side of what Watt did may- 
be very briefly given. When the model was in his posses- 
sion he justly looked upon it as a fair representation of 
the existing state of steam engineering. He was not 
an entire stranger to steam or to its action, for he had 
previously experimented on the force of steam with 
a Papin's Digester, and therefore his spirit went out 
to this model and there concentrated the whole of its 
powers. 

Watt saw all its weak points. Although a model, it 
was an atmospheric engine, in which the cylinder was 
open at the top to the atmosphere ; the condensation of 
the steam that raised the piston was effected by inject- 
ing cold water into the cylinder, under the piston, 
whilst it was at the top of the cylinder. The very best 
engines at this period were made exactly on this 
principle. His acute intellect, unaided by experience 
in steam to any great extent, noted the prodigious loss 
of heat from condensation caused by cold water being 
injected into the cylinder to form a vacuum under the 
piston. It was mental conception, and not the mechanical 
faculty, which at this time distinguished his career. 
The engineers of the day had a perfectly honest admi- 
ration for engine-building; his philosophic insight 
reached beyond. He was blessed with an uncommon 
share of penetration, and herein lay his strength. Of 
what benefit would his services have been to the world at 
large had he simply made larger cylinders of tougher 
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metal, instead of scattering light where there was no 
light? He set himself to the task of solving the riddle, 
by which the engine had been cramped for years ; and 
his strength of resolution rewarded him. Why, at 
this very time there were men Uving who had been 
baptized with steam, but he had divorced himself from 
the lifeless idea that that had anything to do with 
the form or direction of his life ; and his philosophy 
admirably displayed what could be accomplished by 
genius. 

To his task. Scene : A lonely room in the college. 
Subject : Loss of heat from the condensation of steam 
within the cylinder, by the injection of cold water, 
to produce a vacuum under the piston. Ifote : The 
mode of creating a vacuum by the injection of 
cold water into the cylinder itself was suggested by 
accident, which came about when water was used on 
the top of the piston to keep it steam-tight, and 
when the exhaust-steam — ^that is, the steam which had 
Uffced the piston from the bottom to the top of the 
cylinder — was condensed by dashing cold water over 
the outside of the cylinder. A hole in the piston of 
an engine, through which cold water leaked, so increased 
the condensation of the steam as to be perceptible ; and 
although at first the improved rate of condensation was 
not explained, and was attributed to other causes than 
the right one, yet when the true cause was discovered 
it engaged attention, and provoked instant action. 
Simple as it was, ifc was the means of conferring upon 
the steam-engine additional interest. It was very easy 
to inject cold water into the cylinder, and to note its 
effects, and afterwards compare it with the external 
splash system. This is exactly what was done, and it 
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was, as we may now understand, eminently successful, 
and the operation at once placed the engines that were 
fitted with an injection- water cock at a premium. Still 
there was a vast waste of steam, and the engines moved 
without any appearance of healthy vitality, the action 
being spasmodic and uncertain. To start the engine, it 
was necessary to blow steam into the cylinder, and on 
the lower side of the piston, until they were made as 
hot as boiling-water. By this operation the heat was 
extracted from the steam, and taken up by the surfaces 
of the cylinder and piston. These having become 
charged with heat — being as hot as the steam — the 
cylinder was prepared for the opening of the injection- 
cock. The time for this to be done was known by 
steam blowing from the cylinder through a snifting- 
valve attached to it, and which could only happen after 
the cold surfaces no longer required the heat of the 
steam to raise them to its own temperature ; and when, 
consequently, the valve was opened by the pressure of 
the steam, and announced the completion of the operation 
of heating. The injection -cock was then opened, and the 
pressure of the column of water in the injection-pipe 
leading from the tank-^which was above — ^was sufficient 
to force jets of cold water against the piston, to be 
afterwards scattered through the cylinder. In a short 
time the steam was deprived of its heat, and therefore 
its elasticity ; and as it grew colder it extracted the 
heat from and cooled the surrounding surfaces until a 
partial vacuum was formed ; then the whole pressure 
of the atmosphere being exerted on the upper surface 
of the piston, with a vacuum under it, the piston was 
caused to descend to the bottom of the cylinder. It 
was raised again by the steam to the top of the cylinder, 
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and the process of condensing the steam by the injec- 
tion of cold water was again performed. It may be 
added that the injection water and condensed steam 
descended by their own weight through an escape- 
valve into the hot- well below. 

Such was the construction of the engine, and such 
was the loss of steam in alternately heating and cooling 
the cylinder to provide a vacuum ; and Watt was led to 
think that he could make a much better engine. 

The faults and merits of the engine were alike laid 
open. There was one thing in his favour, he had the 
privilege of beginning where his predecessors had to 
all intents and purposes left off. The engine had 
already been invented and improved upon by others ; 
and now for the plans and improvements of the 
immortal Watt, whose name is known and revered 
throughout the civilised world. His energies were not 
directed to the employment of steam as a motive- 
power — his predecessors had done that — but they were 
concentrated upon its economical use ; and herein lay 
the wisdom of the great man. 

The generation of steam in a boiler was not the 
subject of any man's patent ; but its economical em- 
ployment was such, and it is so now. 

To economise heat was the aim of his noble ambition 
— the subject of his pursuit ; and there could be only 
one result bearing some proportion to his convictions 
and knowledge of the matter. 

It was undeniable that when a quantity of water was 
heated and cast off steam, and the steam was again 
reduced to water in order to produce a vacuum, the 
process involved an expenditure of heat. The fact was 
patent, but it required a reasoner and demonstrator to 
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prove that the expenditure of heat in alternately heat- 
ing and cooling the cylinder was three or four times 
AS much as would have been required to fill the cylinder 
with steam to work the piston. 

Straitened he was for tools, but not for devices, for 
he went straight to the point. Inserting a glass tube 
into the spout of a teakettle, he allowed the steam to 
flow through it into a glass nearly filled with cold 
water until it boiled. Seizing the glass, he found that 
the water had only increased a sixth part in volume. 
"That such a comparatively small quantity of water 
should, when in the form of elastic steam, hold such a 
quantity of heat struck him with astonishment. Here 
was something hidden! With a steady persistency 
and with bright hopes, he bent the whole force of his 
mind to seize the phenomenon before him, and to shako 
the truth out of it. No wonder that a small quantity of 
fiteam should absolutely surprise him in its transmitting 
«o much heat to cold water ; but now he had discovered^ 
hidden in the steam, latent heat, which had not been 
noticed by him before, and was not to be detected by 
the thermometer. Experimenting further, he came 
to the conclusion that a pint of water converted into 
«team would raise six pints of water to its own heat 
(212°) ; but that, on the other hand, a pint of boiling 
water (at 212°) would not do -i-th part as much. 
Where was the heat, then, but hidden in the steam, 
by which steam at 212° could raise the temperature of 
a given weight of water six times more than an equal 
weight of boiling water (212°) would do ? The quantity 
of heat consumed in vaporisation beyond what was 
required to bring the water to a state of ebullition h&d 
been left out of the reckoning; and, instead of the 
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quantity of heat in the steam being 212°, its total 
quantity was nearer 1,000°. His experiment was not 
in vain, for verily it was a brilliant discovery. This 
doctrine of latent heat was already known to and 
taught by Dr. Black, who discovered it ; but Watt was 
not in search of latent heat — ^he stumbled over it ; what 
he required he, however, found, and more, and that 
was, that before a vacuum could be formed under the 
piston all the heat, 1,000° or more, which had con- 
ferred elasticity on the steam would have to be ex- 
tracted by cold water by the injection, and that the 
whole would be wasted. 

With this valuable information now in his possession 
he searched further into the phenomena attending 
the conversion of water into steam, and he discovered 
a defect which disposed him to make an alteration in 
the engine that secured to him immortal fame. 

Whilst experimenting, he observed that the injec- 
tion water thrown into the cylinder to condense the 
steam became hot, and therefore produced vapour 
which resisted somewhat the atmospheric pressure 
upon the upper side of the piston. He jacketed the 
cylinder with wood and reduced the injection water : 
but there remained steam or vapour to rob the engine 
of a proportionate part of the atmospheric motive- 
pressure. He discussed with himself the desirability 
of condensing the steam without cooling the cylinder. 
He was, he knew, doing real work, encouraged to per- 
severe solely out of love for the subject ; and, being 
prompted by the reflection of how well he had so far 
advanced, he pressed onwards ; and, meditating on the 
fault at issue, he conceived in his gigantic brain the 
separate condenser and the air-pump, which brilliant 
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thought p ^Ived the great problem that had perplexed 
all who had gone before him — the formation of a 
yacuoas space in a hot cylinder ; and which also filled, 
the world with the fame of the mighty Scotchman. 
The separate condenser was a great idea, and the air- 
pump in conjunction with it was equally as great. 
These constituted two great steps in advance of all 
previous practice. The condenser was designed to be 
placed below the cylinder ; and the steam, being an 
expansible fluid, would, immediately on being released 
from the cylinder, enter also the condenser, and of 
course fill both, establishing a pressure of equilibrium. 
But, if the condenser was kept cool by being placed in 
a tank of cold water, steam would continue to enter 
until the whole was condensed. This is exactly what 
Watt did. In time, the condenser would become full 
of condensed steam, and therefore the service of an air- 
pump to clear the condenser was seen to be inseparably 
connected with it. Here, then, was that great source 
of loss extinguished, the steam being condensed in a 
separate vessel, and the heat of the working cylinder, 
stroke after stroke, undiminished, and its temperature 
maintained. Plate I. shows the latest improvement 
in the condenser o and air-pump p. 

The exhaust-steam is supposed to be leaving the 
under side of the piston, Plate I., and on its way down the 
exhaust or eduction pipe to the condenser, where a jet 
of water is ready to condense it. Here is the principle 
by which this kind of condenser — the jet-condenser 
— ^is distinguished. The steam, coming in contact with 
cold water, is instantly condensed, and drops to the 
bottom of the condenser; when all the steam is dropped 
in the same manner, a vacuum is formed between the 
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water in the condenser and the under side of the piston, 
and the steam which is above the piston therefore has 
no atmospheric pressure to overcome. If there were 
no vacuum, there would be 15 lbs. of atmospheric 
pressure per square inch opposed to the descent of the 
piston D, by which a proportionate part of the work 
of the steam would be lost in keeping the atmospheric 
air out of the cylinder. By the ordinary method of 
injection, condensation is not effected instantaneously 
but gradually, by reason that the quantity of water 
necessary to condense the cylinder-fiil of steam must 
occupy some time in passing through the injection-rose. 
Therefore there remains at first a counter-pressure 
against the piston, greatest at the commencement of 
the stroke, and gradually diminishing as the condensa- 
tion becomes more perfect. 

The term vacuum, as used by enginemen with 
reference to the condenser, is understood, as a compara- 
tive term, to signify the absence of pressure more or 
less below the atmospheric datum. We know that the 
atmosphere will support a column of mercury 30 inches 
high. Now when an engineman states that he has 
20 inches of vacuum, he means that the excess of the 
pressure of the atmosphere above the pressure in the 
condenser will support a column of mercury of 20 
inches vertical height ; or, in other words, he tells us 
that the pressure of the vapour in the condenser is 
equal to the difference between the indications of the 
barometer and the vacuum gauge. If the barometer 
stands at 30 inches = 15 lbs., and there is 20 inches 
vacuum z= 10 lbs., then the pressure of the vapour in 
the condenser is 15 lbs. less 10 lbs. = 5 lbs. 

Air-pump, p. — The air-pump is fitted with valvea. 
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There are valves at the bottom of the condenser, and 
there are valves above the bucket. The first are the 
bucket- valves, the second are the suction- valves, and 
the third are the delivery-valves. Formerly, these 
valves were single, and therefore when one failed the 
pump was entirely useless. When there are two or 
more valves, if one fails the pump can still be worked, 
and the condenser kept free from water. The water 
and air occupying the lower part of the pump 
below p have been drawn from the condenser through 
the suction- valves P during the up-stroke; descend- 
ing into the water, the bucket-valves open to allow 
the water to pass through the bucket to the upper 
side ; and when the bucket arrives at the foot of the 
stroke they are closed by the weight of the water. 
When the air-pump-bucket is raised for the up-stroke 
the water is lifted through the delivery- valve p 2 to the 
hot- well, and at the same time the air and water are 
drawn from the condenser through the suction-valve 
into the air-pump, in which a vacuum is formed during 
the up-stroke, inducing the water to leave the condenser 
and fill it. The packing for the air-pump bucket con- 
sists generally of tarred hemp-rope, lightly wound on 
and properly beaten into the recess turned in the edge 
of the bucket. 

Cold' Water Pump, V. — This pump is fitted with a 
foot- valve and a head-valve. It draws water from a 
well or a tank, and delivers it above the head-valve into 
the cold-water cistern through the pipe t 2. The 
water flows into the pump through the foot- valve t 1 
as the bucket is making the up-stroke. When it 
reaches the top of the stroke the bucket descends, the 
foot- valve is closed, and the head- valve is opened. This 
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pump is used to supply water for injection. Tlie water 
enters the condenser, which stands in it, through the 
sluice o 2. Here may be found a lesson in hydrostatics. 
The pressure of water is upwards as well as downwards, 
otherwise it would not ascend the sluice-pipe. 

That fluids press equally in all directions is seen in 
a variety of cases. If water is poured into one limb of 
a bent tube it will find its own level, enter the other 
limb, and appear at an equal height in both limbs. So 
that, so long as the cold-water pump supplies the 
cistern with water sufficiently deep to cover the con- 
denser, the injection is in constant action and con- 
denses the steam. 

Hot-welly R. — After the water has passed from the 
cistern through the injection-sluice and condensed the 
steam, it is pumped, as already explained, into the hot- 
well, together with the condensed steam. The tempera- 
ture of the water is generally about 100° Fahr., and is 
governed by the regulation of the injection water. A 
higher temperature would injure india-rubber valves ; 
a lower temperature would cool down the cylinder too 
much, and cause a waste of fuel by re-heating it. 

The water from the hot-well supplies the boilers. 
It is pumped by the plunger w. It is shown as being 
raised by the rod connecting it to the gudgeon w 2. 

The delivery- valve w 4 to the boilers is closed and 
held down by the pressure of the steam and water at 
its back. As the plunger is raised water is drawn into 
the pump and occupies the vacant space left in the 
suction-pipe v 1. When the plunger is at the top of the 
stroke the pump and the suction-pipe are charged. In 
making the return-stroke, the plunger forces the water 
upwards through w 4, just above w 3, through which 
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valve it entered the pump. Let it be noticed here that 
the valve w 3 opens into the pump to admit water ; 
and w 4 opens from the pump to allow water to leave 
it; so that, when the plunger descends, the water 
cannot get back into the hot-well. The least change 
in the direction of the stroke effects the closing of the 
valve ; and the great pressure of the plunger downwards 
forces the water out of the suction-pipe, and drives it 
through the valve w 4 into the boiler. Therefore, if 
the pump is fully charged at each stroke, it is easy to 
conceive that the amount of water pushed into the de- 
livery-pipe through w 4 is at each revolution of the 
engine represented by a volume equal to the capacity 
of the pump, or the product of the diameter of the 
plunger by the length of its stroke 



CHAPTEE V. 

THE CORNISH PUMPING ENGINE— DESCRIPTION AND 

WORKING OF IT. 

The Comisli pumping engine, Fig. 4, of the present day 
retains many of the leading features of the original 
"Watf engine; and, in fact, some of the earliest 
engines manufactured by the ** great man " were used 
in Cornwall to pump water out of the mines, and to 
keep them free from the influx of water which con- 
stantly pours in from the ** lodes," as the metal-bearing 
veins are called in Cornwall. Improvements were 
subsequently eiOfected by local engineers — notably by 
Woolf, Hornblower, Trevithick, and Grose. The 
modern Cornish engine has been brought to such a 
degree of perfection that "Taylor's" engine at the 
United Mines, Cornwall, is stated to have lifted 
107,000,000 lbs. one foot high by the consumption of 
112 lbs. of coal. 

The chief peculiarity of the Cornish engine consists 
in the facility with which the number of strokes per 
minute may be regulated, varying from one stroke in 
ten minutes, to ten or even more strokes in one minute. 
This was a feature to which Watt drew particular 
attention in the description of his engine ; and it has 
never been lost sight of by mining engineers. The 
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Bpeed cannot be so effectually controlled in any other 
Bteam-engine as in the type now under consideration. 
The changes of speed are effected by means of on 




ingenious piece of mechanism known as the " cataract," 
an apparatus which is fixed in the " cock-pit " or lower 
floor of a Cornish pamping engine. It may he either 
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of the "box'' or the "plunger" type, the former 
being the cheapest in first cost, and the ktter the 
most sensitive in working. 

The plunger cataract is the type most commonly 
employed in modem Cornish engines. It consists of 
a cast-iron cistern, carrying within it a trunk-plunger 
and case, fitted with an inlet-ialve and outlet-cock, 
both on the imder side of the plunger. 

The upper end of the trunk-rod is attached to a 
lever which is moved by the plug-rod of the engine, 
either in an upward or a downward direction, accord- 
ing as the steam-valve or the equilibrium-valve is 
worked by the cataract. 

It will suffice to explain the action of the " steam " 
cataract which controls the opening of the exhaust 
and the steam valves, as the action of the equilibrium 
or "outdoor" cataract is precisely the same as that of 
the steam cataract reversed. When the piston rises 
from the bottom to the top of the cylinder, it lifts in 
the course of its ascent the lever of the cataract, and 
with it the plunger attached to it, causing the plunger 
to charge its case with water by means of the inlet- 
valve before mentioned ; when the stroke is completed, 
the case is of course filled with water which can only 
escape by means of the cock before mentioned. The 
outer end of the lever of the plunger is prolonged up- 
wards towards the gearing of the engine, so as to 
release the steam and the exhaust catches in its upward 
movement. It follows that the period of release can 
be regulated with exactness by the adjustment of 
the outlet-cock, for it is evident that the more slowly 
the water makes its escape, the more slowly does the 
releasing- gear— or cataract-loop, as it is technically 
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termed — ^rise, and vice versd. The power of regulating 
and controlling the speed in the manner described is a 
point which is of the greatest importance in the case of 
an engine which has to drain a mine or a colliery. 

Starting the Engine. — In starting a Cornish engine 
to work for the first time, or after a long stoppage, the 
greatest caution should be observed with regard to the 
regulation of the injection- water admitted to the con- 
denser. 

As little water as possible should be admitted at 
first, for otherwise the engine will probably "flood" 
herself, or, in other words, get the condenser and the 
air-pump so full of water that the pump will be un- 
able to clear itself ; or, if the water be actually cleared 
out, it will probably be done so suddenly that, unless 
the driver keeps a sharp eye on his engine, and shuts 
the exhaust-handle quickly, the engine will come too 
fast "indoor'' and make havoc of his spring-beam, 
and possibly of his « girder." This casualty is by no 
means of infrequent occurrence in Cornish engines, 
owing to the breaking of the "main" rod which goes 
down the shaft or pit, and is connected to the various 
plungers and bucket-lifts in the mine shaft. But all 
evil consequences arising from this case may be averted 
by the use of the safety cataract, by means of which, 
in the event of the engine making her " indoor " stroke 
too rapidly, the equilibrium cataract is at once released, 
and the steam is admitted to the bottom of the cylinder, 
where it acts as a cushion to break the force of the 
sudden downward movement of the piston, which 
would otherwise arise from the release of the steam 
loaded piston from its load in the shaft. 

Steam is usually worked in the Cornish engine with 
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a cut-off of about one-third (-j), or two-fifths (f ) ; 
although it has been worked as high as one-eleventh 
(tV)> when the precaution previously referred to was 
observed as regards a safety cataract. There is no doubt 
that a high pressure of steam and an early cut-off suit 
the Cornish engine best, as they do other engines. 
This was the life-long practice of Captain Samuel Grose, 
who did much to improve the effectiveness, economy, 
and general appearance of the Cornish engine ; and 
although his type of engine is not extensively known 
to any but Cornish engineers and drivers, there are 
many specimens of his genius still at work. 

Let it be remembered that the Cornish engine re- 
quires delicate handling, for this reasou, that it is a 
non-rotative engine, and there is no crank to measure 
out the length of the stroke, and that, in starting the 
engine, on the skill and dexterity with which the 
engineman manages his top and bottom handles will 
depend the life of the engine. Above all things the 
engine should be handled with confidence and not with 
timidity. 

To the engine-driver, it may be said, remember that 
so long as you have the handle in your hand you are 
the master of the engine ; you can stop her, reverse 
her, move her one inch or ten inches as easily as the 
driver of a locomotive can perform the same operation 
with his machine ; but if you lose your head, or get 
frightened, at the gigantic inrush of the machine you 
have put in motion, you had better give up the idea of 
working a Cornish engine. It requires a cool head, and 
a strong mind. 

There are a few rules for working a Cornish engine 
that are worth remembering : — 



CORNISH ENGINE. 77 

1. Keep the cataract well supplied witli water. 

2. See tliat tlie exhaust and the equilibrium handles 

are sound f orgings, free from flaws. The break- 
ing of either of these may wreck an engine. 

3. Be satisfied that cylinder and nozzle-laggings are 

well lined with sawdust, or other non-conduct- 
ing material ; and that, if the cylinder has a 
case, the steam-pipe to, and the drain-pipe from, 
it are working freely. 

4. Never institute experiments with your engine for 

the. amusement of visitors. The engine has a 
regular amount of work to do, and the less you 
interfere with or interrupt that regularity the 
better the result. Stop, and start, and run at 
all kinds of speed, and you will cause priming 
to an indefinite extent. 

5. When stopping an engine always secure both 

handles with the chain or the rods provided, 
and shut the governor- valve. 

6. Keep your engine clean, and keep everything 

arranged on a system. Display as much taste 
in the hanging up of tools as possible. Make 
monograms ; do something besides the bare fact 
of what you are expected to do. Excellence in 
any branch of life implies voluntary exertion. 
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THE HORIZONTAL ENGINE— SEMI-PORTABLE ENGINE. 

The horizontal engine selected for detailed illustration 
in Plate II. and Fig. 6, is Robey's patent, one of a 
numerous class specially designed for stationary pur- 
poses, sucli as winding. It is also selected for the 
opportunity of referring to the system of firing in fire- 
boxes of the class here illustrated, a is the chimney, 
B smoke-box, c barrel of boiler, d fire-box shell, 
E safety-valve, f steam-pressure gauge, g water-gauge, 
H fire-hole door, k boiler tubes, l foundation-plate, 
M fly-wheel, n connecting-rod, o crank-shaft, p ex- 
centric-rod, Q piston-rod, r cross-head, s slide-bar, 
T cylinder-cover, v governor, v feed-pump, w clack- 
box, x stop-cock for pump, y regulator-handle, 1 steam- 
chest, 2 valve-spindle, 3 valve-spindle guide, 4 holding- 
down bolts, 6 big end of connecting-rod, 6 main bearing 
of crank -shaft, 7 excentric- strap, 8 spark-arrester, 
9 chimney-cap. 

The boiler is of the locomotive type, containing flue- 
tubes and flre-box. The tubes are made of brass ; the 
ends are expanded and made fast by a tube-expander, 
and ferrules are afterwards driven in at the fire-box 
end. The fire-box is, according to usual practice, made 
of copper ; and is put together with iron rivets. It is 
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■Semi-portable Bngiiie. 
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fastened to tlie outer shell by means of a wrought-iron 
ring or bar, at the bottom, and another at the fire- 
hole. 

These rings— the former of which is known as the 
foundation-ring, and the latter the fire-hole ring — are 
of the very best iron, and are carefully fitted between 
the fire-box and the shell, so that after these are riveted 
together they may be steamtight. 

The sides or walls of the fire-box are further secured 
to the shell by copper stay-bolts. The top or crown 
of the box is specially strengthened, to prevent its 
collapsing under the pressure of the steam. The 
liability of the top of the box to collapse is increased 
by the boiler running short of water, when the copper- 
plate becomes much weakened. 

The sides and top of the smoke-box are generally in 
one plate, and are secured to the boiler by means of a 
fianged tube-plate, which is secured to the barrel of 
the boiler by means of a solid angle-iron ring. The 
whole are of iron, and they are united with iron 
rivets. 

The boiler-mountings include the various screw- 
plugs for letting out water, and for washing out ; the 
whistle, gauge, standards, clack-boxes, valves, and 
safety-valves. 

The cylinders are formed of cast-iron, bored out, and 
made perfectly cylindrical. They are bolted to the 
frame-plate by turned bolts passing through carefully- 
drilled holes, and the bolts are made to fit the holes 
with the utmost degree of exactness. The centre lines 
of the cylinders after they have been bolted together 
are parallel to each other. The slide-bars are parallel 
with the cylinders, and the crank-axle is exactly at 
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right angles to tlie line of the cylinders and valve* 
faces. 

The crank-axle is of iron, and the throws are slotted 
out at right angles to each other so that when a big- 
end is on one dead-centre, the other is under the full 
pressure of steam. The shaft is fitted with four excen- 
tric-sheaves, by two of which the engine is worked in 
fore-gear, and by two in reversed gear. The position 
of these sheaves is due to the movement of the valve 
and piston, when one big-end is on the dead-centre, the 
excentric is fixed at about right-angles with it, in 
advance. 

When the crank is placed on one of the dead-centres, 
a line is drawn through the centre of the web, and a 
circle is described on the centre of the axle equal in 
diameter to the travel of the slide-valve. In advance 
of the centre of the circle, in a direction opposed to the 
crank-arm, a distance is marked ofE equtd to the sum 
of the lap and the lead ; and a perpendicular is drawn 
to the centre line of the web intersecting the circle 
above and below the centre line. The two points of 
intersection show where the centre of the excentric 
must fall, for forward and for reversed gear. The ex- 
centric-rods are connected to the link, and the hori- 
zontal motion of the link is communicated by the joint 
action of the excentrics. At the centre of the link, the 
horizontal motion is equal to twice the linear advance 
of the excentrics, and it increases towards each end 
of the link. The movement of the link is conveyed 
through the block or die in the link to the slide-valve, 
which receives the maximum travel ; when either of the 
excentric-rods occupies a position in a line as near as 
IB possible with the valve-spindle, then the valve 
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receives the maximum throw of the excentric. Tho 
general principles of lead and lap have been described 
elsewhere in this book.* The action of the blast being 
discharged into the chimney has the effect of inducing 
the air to leave the smoke-box and chimney with the 
exhaust-steam, and thus creating a partial vacuum in the 
tubes from whence the air rushes to fill the smoke-box 
and chimney again, whilst the air in the fire-box rushes 
into the tubes, and the air in the ash-pit rushes into 
the fire. This process, if rapidly kept up, produces a 
constant and powerful draft of air continually passing 
through the fire, and the coals then receive a sufficient 
quantity of it in combustion to keep up the supply of 
steam. 

Management of the Engine, — How is this engine to be 
managed with success P It is very natural for those 
who have had charge of engines to examine them when 
they hear something knocking, or smell something 
which is getting warm, or to question the state of the 
fire when short of steam ; but, as to having any decided 
method of treatment, and adhering to it day after day, 
and year after year, because it is based upon sound 
rules, it is out of the question. By the non-observance 
of simple rules, every failure is set down to the 
engine. 

What are those simple rules which lead up to and 
command success at engine-driving ? 

1st. From the hour an engine and boiler are set to 
work they are acted upon by destroying forces, and, 
therefore, there should be on the part of the attendant 
an undeviating conviction that these must be habitually 
followed up, detected, attacked, and effectually pre- 

* See page 68. 
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vented from rapidly, gradually, or imiformly disabling 
the macliine in his charge. 

These destroying forces present themselves in 
different forms, each having a character of its own, 
and the only way to overrule them is to know them. 
One is wear, and the other is tear. The simplest, and 
at the same time the most efficient method of detecting 
wear, is to examine the engine twice a day, systematic- 
ally. Not looking askance at the machinery, roughly to 
detect tear and his brass filing ; or into the fire-box to 
see if he has brought the crown nearer to the bars ; but 
to detect the progress of ordinary wear in its simplest 
character and effects. The presence of this, as well as 
the greater evil, tear, is generally not difficult to 
detect. 

Before the engine is allowed to make a single stroke 
it should be examined all round, commencing at the 
crank- shaft bearing. Brasses do best, wear longest, 
and knock least, when tightened up a little at a time, 
and before they attract attention by knocking. Trim- 
mings do best when they are kept dry or free from wet, 
when not choked with tallow, and when free from the 
presence of glutinous matter ; and, further, tail-trim- 
mings should be taken out of the syphon-pipes, when 
the fire is withdrawn ; and, before they are replaced, it 
is advisable to pour a little oil down the pipe so as to 
allow time for the trimming to commence working. 
This precaution will, in many instances, prevent a 
journal or a slide-bar from cutting. The oil-box 
should, now and then, be carefully cleaned, because 
very few boxes are so made as to exclude every particle 
of dust and dirt, and besides many oils contain india- 
rubber and resin in solution. 
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The big-ends require plug-trlmmings, made of 
copper-wire and worsted. The wire is first doubled 
and then plaited in the middle several times ; the bow 
at one end requires to be cut and the ends opened out. 
The worsted is then wound over and over imtil the 
plug can fit the syphon-pipe easily, not too tightly nor 
too slack. One end of the wire is then turned over 
to embrace the worsted, and the other outwards 
so as to fall over the top of the syphon-pipe, and to 
suspend the plug in it, which should not touch the 
journal ; and at the top it should form a small reser- 
voir for oil in the pipe by being adjusted down the 
pipe about three-eighths or half-inch. Such trim- 
mings can be placed in all swinging motions. 

The excentrics should be always kept in good ordei 
so as to prevent the lead of the valve from being 
altered. It is a good plan for a young engineman to 
notice their position in relation to the cranks, so that if 
one happened to shift by the slackening of a set-pin or 
a key, he could set it back into its right position. 

When the engine is put into middle gear, the links 
can be thoroughly inspected, and great care is required 
to see that the split-pins in the fork-ends of the excen- 
tric-rods connecting them to the link are all well 
bedded. 

The glands require special supervision to keep them 
fair with the rods, and to keep them from " blowing *' 
steam, by packing them in time. Nothing looks so 
slovenly about an engine-house as leaking glands, 
moist steam blowing over the little-end and destroying 
the trimming by making it wet. "When one side of 
the engine is done, the other should receive the same 
attention, and even more, for some people are apt to 
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conclude that because one side is right the other is so 
also. 

The smoke-box and the ash-pan require to be cleaned 
out thoroughly every day. 

Should the engineman require to test the valves and 
pistonsy both little-ends roust stand opposite each other 
and as near the front end of the slide bars as possible, 
when one crank will be above the shaft and one below 
it. If steam is put on slightly^ that will test the left- 
hand piston ; and if the engine is reversed, that will 
test the right-hand piston. If the engine is put in mid- 
gear, that will test the valves. 

Further information on testing and setting valves is 
given in " Locomotive Engine-driving." * Now it is a 
good thing to have made an efficient examination, and 
to have ascertained that the engine is in thorough 
working order. But this is only a portion of what is 
required to insure success. There must be — 

Secondly. A thorough knowledge how to bum 
coals with the least quantity of smoke, and to obtain 
the largest quantity of heat from them. Without this 
knowledge, no man can become a first-rate engineman. 
A skilful man seldom fails to seize this important element 
of good management. Now, it is a fact that hundreds 
of boilers having square fire-boxes, such as are found in 
ordinary portable thrashing- engines, are fired without 
the skill which is necessary to insure economy, and to 
maintain the steam regularly. When coke was used, 
the enginemen were in the habit of shovelling it into 
the fire-box without any regard or doubt as to whether 
there was a right or a wrong way to make a fire. The 

*" Locomotive Engine Driving.** Fourth edition. 1880. Crosby 
Lock wood & Co. 
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same Indifference prevailed when coal was used. "With 
regard to the form of a fire, what alterations were made 
were confined to the shape of the fire-box, and not so 
much to the shape of the fire. But coal-burning fire- 
boxes at last returned nearly to the shape of the 
coke-burning boxes, and attention was given to the 
shape of the fire ; the fire was made sloping, for in the 
sloping boxes most of the fires were level, and the 
boilers would not supply sufficient steam, for the simple 
reason, that coal can only be burned economically when 
a current of air is constantly rushing through it. To 
effect that object, we must have regard to two things, 
namely, the shape of the fire, and the depth of the 
fire. 

When the fire is hay-cock shape — ^highest in the 
centre — which may be found in thousands of instances, 
the necessary amount of air to carry on the process of 
combustion is obtained up the sides of the fire-box, and 
the gases there seize their portion of oxygen, and the 
body of the fuel is starved. The result is that when 
the fuel about the sides is consumed, a passage for air 
is made for it to enter the box and tubes without giving 
up sufficient oxygen to maintain steam. The fire-irons 
are then set to work to stop the leakage of air, and 
waste the fuel. There is another evil ; when the fire- 
box draws air up the sides, the cold air comes in direct 
contact with the walls of the box, causing intermittent 
expansion and contraction, both in the box and in the 
tubes. The fire should be made shallow at the middle, 
and built up all round close against the plates. This 
fire will make steam when t)thers will not; and in 
thousands of instances it has been found to make steam 
better than any other. It consumes its owoi smoke. 
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and it is the only way to obtain all the goodness out of 
the coal ; and, further, what is of equal importance, it 
keeps the fire-box cold-air tight. It is well known in 
the locomotiye service that the fire in question is 
one that consumes the least fuel and gives the least 
trouble; and what is best on a railway engine is equally 
valuable in the boilers of the same class employed in 
stationary service. 

The fire should be renewed as soon as the gases come 
to receive their equivalent quantities of air, and this is 
known when perfect combustion is taking place, when 
no smoke is visible, and when the steam begins to 
leave the valves. By opening the fire-door, the steam 
is sKghtly checked, and is prevented from blowing off. 

The depth of the fire should be regulated by the work 
upon the piston, or, in other terms, the fire should be no 
deeper than what admits of the air being drawn through 
by the blast or exhaust steam. Much of the economy 
in fuel depends upon the amount of air a driver can 
get through the fire. If the fire is too deep for the 
blast, the slag and refuse in the coal will settle on the 
fire-bars ; but, provided the fire is of the proper depth, 
and a strong current of air is kept constantly going 
through it, the oxygen, by coming in contact with the 
refuse, will split it up into atoms, and carry it into the 
tubes and smoke-box. By firing a little and often, 
this may be done all the day through, and at the close, 
the fire-bars will be found quite free from caked 
clinker. The fact of firing round the box will neces- 
sarily deposit the dirt, &c., in the coal around the 
outside, which will assist in compelling the air to come 
through the centre. By doing so, it is instantly rare- 
fied and spreads around, as water does from a rose on 
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a water-can, and enters the tubes at a very Uiglitj 
temperature, assisting them to maintain an even 
sure in the boiler. 

When a large quantity of green coal is charged aslpi 
a fire-box, it gives off vapours and tarry matters hUbIi^ 
adhere to the tubes, and then they become coated iriSi 
what is commonly called soot, which is unconsamedL 
coal deposited there in minute particles. A round d 
six small shovelfuls of coal, one in each corner^ com* 
mencing at the left front corner, with one at the middle 
of the tube-plate, and one under the door, should be 
quite sufficient in all cases. The best of the coals wiH 
fall to the centre, and a cone-like column of fire will 
rise from there and strike the crown of the box, giving 
up much of its heat to the water before entering the 
tubes; and this is how it should be. 

Much wasteful and unscientific firing is caused by a 
wrongly shaped fire, by having a fire too deep, and by 
heavy firing. By adopting the plan herein advocated, 
there will be less coal used, less smoke, regular supply 
of steam, less tube cleaning, less ashes, and a clean 
hearth. 

Lastly. An engineman may follow out to the letter 
all that is here recommended ; but there is one molte 
point of importance, which should be mentioned here ; 
and that is, the supply of water to the boiler must be 
regular. 

It should be kept at one level in the glass, never 
allowed to enter the cylinders, but used freely as often 
as possible to make the boiler clean, and yield pure 
steam. 



CHAPTER VII. 

COMPOUND ENGINES. 

Great as was the degree to which the steam-engine 
had been brought by the fertile brain of James 
Watt, there was left ample scope for the exercise of 
talent, perseverance, and invention ; there was still a 
wide field and abundant material for the exercise of 
ingenuity. One of the first geniuses in Watt's time, 
who endeavoured to reach a stage in advance of all 
others, was Jonathan Homblower, a Cornish engineer 
of no mean repute, and a contemporary of Trevithick, 
Murdoch, and Woolf. 

Without doubt Elihu Burritt was right when he 
wrote, ** In human communities the collision of mind 
with mind contributes fortuitous scintillations of in- 
telligence to their general enlightenment/' The intro- 
duction of Watt's engines into Cornwall, together with 
the presence of his able assistants amongst Cornish 
thinking men, gave origin to scintillations of brilliant 
ideas. The idea which emanated from Homblower's 
brain was the compound engine, in which he employed 
the steam, after it had done its duty in one cylinder, to 
work the piston in another cylinder. "I use two 
steam vessels," said Homblower, " in which steam is 
to act, and which in other steam-engines are called 
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cylinders. I employ the steam, after it has acted in the 
first vessel, to operate a second time in the other vessel^ 
by permitting it to expand itself, which I do by con- 
necting the vessels together and forming proper chan- 
nels and apertures wheruby the steam shall occasionally 
go in and out of the said vessels.'^ 

Many were the hopes of the inventor regarding this 
engine and its superiority in economy of fuel over all its 
predecessors, but he said too much in his specification. 
After he had given an explanation why he intended 
using two cylinders, he went on to describe his 
condenser, beam, and other connections, the resem- 
blance of which to Watt's arrangements led to a 
searching inquiry into the real merits of the engine. 
Unfortunately for Homblower, it was decided that he 
had trespassed upon Watt's patents, and that the same 
effect was produced by Watt in one cylinder as Hom- 
blower professed to do with two. This decision had 
the effect of directing the public attention in another 
direction. The engine proved to be all Watt's ex- 
cepting a little bit. 

The invention of using two cylinders, however, was 
never actually abandoned. Its details have been 
worked out to such an advantage that compound 
engines have much to recommend them, and therefore 
it is necessary that the principle should be understood 
by enginemen. 

There were at first many objections to compound 
engines, arising from the complication of their con- 
struction with numerous joints. Such plans have been 
abandoned for simpler arrangements. 

The fact of low-pressure steam being in fashion in 
Homblower's time considerably annulled the advan 
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tages wluch were sought for; modem practice has 
secured for the compound engine considerable advan- 
tage over that of the past by the employment of a 
higher pressure of steam. Many varieties of design 
exists but the mechanical action of the steam is the 
same in all. It is begun in one cylinder and ended in 
the other. 

The steam at a high pressure (from 60 to 80 Ibs.)^ 
first enters the smaller cylinder, and follows the piston 
until it has moved through a certain portion of the 
stroke, when the valve cuts the steam off. The re- 
mainder of the stroke is performed by the expansion of 
the steam shut up in the cylinder, as in an ordinary 
single-cylinder engine. When the steam has done its 
work, that is to say, when it has pushed the piston to 
nearly the end of the cylinder, instead of being released 
into the air or 'the condenser, it is released into the 
second cylinder^ where it acts upon the piston just as 
it did on the piston in the other cylinder, but at a lower 
pressure. Having done an equal or proportionate 
amount of work in the second and larger cylinder, it 
is thence exhausted into the condenser. Sometimes 
the cylinders are placed by the side of each other, and 
sometimes one above the other, the smaller on the top 
of the larger, having only one piston-rod continued 
through both cylinders and pistons, one connecting-rod 
and one crank. 

Why do we use cylinders of different dimensions ? 
if the cylinders were both of the same diameter and 
stroke there would be no useful result. How is that ? 
If they were of the same capacity when the steam was 
released, it would act by back pressure on one piston 
as much as by positive pressure on the other piston 
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and the process would be simply a transference of 
steam from one cylinder to the other. Suppose that 
eteam of 50 lbs. pressure is ready to be released from a 
24-inch cylinder, and that it is idlowed to enter another 
cylinder 24 inches diameter. The area of each of the 
pistons is 4524, and 4524 multiplied by 50 = 22,620 
pounds total pressure, and the steam would oppose just 
as much as it would force. Now, if the same steam be 
released into a second cylinder having a piston area of 
904*8 inches, which is twice the area of the smaller cylin- 
der, it will exert an amount of pressure double what it 
does on the smaller piston. As a rule, the proportion be- 
tween the areas of the two pistons is not double, but in 
the proportion of 1 to 4 ; and it is in virtue of this 
difference of areas that the useful work done by ex- 
panding steam in a compound engine is produced. 
Strictly speaking, the ratio of the areas of the two 
cylinders is not definitely fixed, nor is the steam in all 
cases exhausted direct from the smaller cylinder into 
the larger one, nor is the gain of work by expansion 
the sole consideration in using a compound engine. 
There is another object — to secure steady motion, and 
at the same time to carry out the principle of expan- 
sion with the least possible amount of injurious effect 
upon the machinery, by reducing the extremes of 
pressure in the cylinders. In expanding steam to an 
extreme degree in one large cylinder, a variety of evils 
are produced, which are obviated by the employment 
of two cylinders, in which the steam is expanded in 
succession, whilst the steam would in the single cylinder 
exert at the commencement of the stroke a pressure 
probably sufficient to do twice the work required of it, 
and at the end of the stroke a pressure probably only 
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Fig. 6. — Comyioand Uoiizontal Engine. 
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half. Sucli irregular motion may be produced as 
might not only overstrain the engine, but the variation 
of the temperature of the steam in the cylinder would 
take place also in the temperature of the metal of the 
cylinder, and would react with an injurious effect 
sufficiently to make expansive working an expensive 
working. It may be added that the larger cylinder of 
a compound engine exhausts into the condenser. 

The horizontal compound engine illustrated by 
Fig. 6, represents a kind of engine now extensively em- 
ployed in mills for textile manufacture. Both the 
high-pressure cylinder a, and the low-pressure cylin- 
der B, are fitted with double-slide chests, c, c, d, d, the 
object of which is chiefly to secure shortness of steam 
passages, readiness of access to the valves, and space 
between the two chests of each cylinder for adjustment 
of the valve-rods. The slide-valves are of the Meyer 
type, and are adjustable by means of right-hand and 
left-hand screws. The high-pressure cylinder is con- 
trolled by Allen's expansion-gear; the low-pressure 
cylinder is fitted with adjustable expansion gear. The 
exhaust from the high-pressure cylinder to the low- 
pressure cylinder takes place through two separate 
pipes ; and the cranks being separated by an angle of 
140°, and the low-pressure cylinder being ready to 
receive steam at the instant of its relief from the high- 
pressure cylinder, there is no necessity for a special 
intermediate receiver. A largo drum, e, is fixed on 
the crank-shaft, f, from which the power is taken off 
by a leather belt. The cylinders are respectively 21 
inches and 40 inches in diameter, and the stroke is 
6 feet, making sixty revolutions per minute. 



CHAPTER Vni. 

CX)RNISH AND LANCASHIRE BOILERS.. 

The system of employing steam became more generally 
recognised as the practical difficulties of obtaining a 
sufficient supply were gradually removed. There was 
no doubt about the economy resulting from the employ- 
ment of steam^ and no attempt was made to replace 
steam as a prime mover. The difficulties lay with the 
boiler. The cry was for more steam ! New and larger 
cylinders were employed, and the demand for steam 
was consequently on the increase. The materials of 
which the earlier boilers were made exhibited unmis- 
takable signs of weakness, and therefore cast-iron was 
replaced by wrought-iron for the construction of boilers. 
StiU the mining engineers were daUy making out plans 
for larger pumps and larger buckets with which the 
manufacturer of engines could not interfere ; he had to 
find the power to work them. 

There was a distinct relation between the engineer of 
a mining-field and the maker of steam-engines, and to 
this may be traced much of the improvements which 
attended the use of steam in its infancy. The mining 
engineer had no connection at all with the engine 
factory, and the engine-maker on no account undertook 
to make a drawing of pumps, lifts, &c., to drain mines. 
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All he engaged to do was to supply steam and macliinery 
to help to clear a drowned-out pit. 

The mining engineer was unharassed by the cares of 
the factory, so he could devote the whole of his energies 
fo designing pumps. The engine-maker was unharassed 
by the mines, so he could give the whole of his atten- 
tion to the workshop and the improvement of the 
steam-engine. This was imperatively necessary on 
account of improved mining constructions. The har- 
mony and the distinction of interests led to a better 
boiler from the hands of the maker, who might just as 
well have shut up his shop as have closed his eyes to 
the fact that engineering skill was required to satisfy 
the call for more power. Every day's experience 
taught this, and many means were used to gain the 
desired end ; but how to commence the matter was a 
riddle to many. A fear to deviate from a beaten 
track, a bigoted attachment to some favourite principle, 
and the want of means to conduct experiments free 
from theoretical reasoning, tended to keep from view 
the great desideratum, which was a superior boiler. 
But, for a long period, men looked in another direction : 
master minds — Watt to wit. The great mind of Watt 
was devoted to improving the engine and economising 
the steam ; at the same time he was bent on keeping 
the pressure down. Homblower went at the same 
kind of thing ; but Watt, finding the world was going 
faster than he or others could keep pace with, looked 
straight into the matter, and after doing all he could 
to save steam by improving the engine, in advance of 
all his contemporaries, he invented the mill-waggon 
boiler, which then for a time took precedence of all 
others and drove many of them into oblivion. He, 
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however, had a deal of trouble with it, owing to the 
pressure of steam being equal in all directions ; and he 
must have known that the form of his invention was 
not the best to withstand centrifugal pressure; still he 
held to it and passed it through various modifications 
of form in order to strengthen it and make it a safe 
and rapid generator of steam. For a time, it was as 
illustrious as its inventor. All this time the mining 
engineers were passing through a labyrinth of com- 
plexities, and ComwaU was their locaUty. 

The Cornish engineers turned their attention to the 
use of high-pressure steam verms low-pressure steam, 
with the view of obtaining plenty of steam more 
cheaply than the " waggon *' boiler could supply them. 
So they had to scheme an entirely different boiler, and 
a better one than Watt's, which, by the way, had been 
so far improved as to contain a longitudinal flue in the 
middle. Eichard Trevithick, an eminent Cornish 
engineer, invented the boiler illustrated by Figs. 7, 8, 
9, and although at the time of its introduction it was 
known as the " Trevithick'* boiler, it is better known 
now, in 1880, as the Cornish boiler. It should be 
mentioned that, at the time this boiler was invented, 
there were others in use, such as the horizontal ex- 
ternally fired boiler, known as the egg-end boiler. But 
Trevithick's boiler eclipsed all others by having the 
grate placed within the tube, through which the hot 
gases passed, and then down underneath to the front 
where they were divided, and along the sides to the 
chimney. The boiler takes its name from being first 
employed in the service of the pumping engines in 
Cornwall. The furnace was thus brought for the first 
time into the central flue and within the boiler itself 
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instead of being external and underneath like all its 




Kg. 8.— Corniflh Boiler . Front View. Scale, l-48th. 




Fig. 9. — Cornish Boiler : Cross Section. Scale, l-48th. 

predecessors. How would it act ?— that was the ques- 
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tion; and would the heat so damage the tube as to 
endanger the boiler ? Experienced men were quick 
to question how it would stand the test of working. 
They were not surprised to find a more perfect com- 
bustion of fuel, and the heat more effectually applied. 
This result was found by observing the temperature of 
the gases after they had traversed the tubes and were 
about entering the chimney. In previous boilers the 
furnace was surrounded with brick-work which took 
up the first heat, and this penetrating into the mass 
of the outer walls, radiated away into the engine- 
house. 

In the Cornish boiler, the best of the heat is usefully 
applied on the heating surface, and the remainder 
only is extracted by the masonry, so that the process 
of absorption was reversed. The results were highly 
favourable to economical working, and it very soon 
became popular. Many contended that, to obtain the 
greatest effect, the heat should be applied to the bottom 
of the boiler ; others contended that a convex heating 
surface was superior to a concave one. But experience 
proved, when the heating medium was inside a boiler, 
and applied to a concave crown, it was a far superior 
steam generator to any that had gone before it. A 
concave heating surface is superior to either a flat or a 
convex one. 

Bury's round locomotive fire-boxes would make any 
amount of steam, and herein their strength lay. The 
fire-boxes of the present day, with vertical sides and 
concave tops, make steam better than the square 
boxes. 

The Cornish boiler was not only a new form of 
boiler, but it was made to withstand high-pressures 
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wlilcli frightened most people ; but Trevithick intended 
it for high-pressure, and he was the man who intro- 
duced it for the purpose of affording scope for the 
carrying out of the principle of expansion by cutting 
off the steam earlier than others did, and, by doing so, 
economising fuel. When high-pressure steam is cut 
off very early, the inequality of the steam's action on 
the piston requires to be practically neutralised. This 
is done by the fly-wheel. 

The Lancashire boiler. Figs. 10, 11, 12, is a native of 
Lancashire, and was the outcome of a desire to insure 
safety. The internal flue of large Cornish boilers 
occasionally exhibited signs of weakness. It was sub- 
jected to an enormous degree of expansion which 
bulged the ends out, and when it was stiffened and 
stayed, so that it would not yield, the internal tube 
became hog-backed within the boiler ; then, by sudden 
contraction, when the door was opened for firing, it 
was straightened. Consequently the boiler became 
unsafe. To maintain the size of boiler necessary 
for the supply of steam, and to retain the principle 
of an internal grate, the boUer was converted in Lan- 
cashire into a double Cornish. There are reasons for 
inducing ns to admire this boiler, from the point of 
view of the stoke-hole. When the furnace is six feet 
or more in length, it requires more than ordinary 
human muscular action to send the coals to the ex- 
treme end of the grate ; and where there is not the 
strength to do so, the bars soon become bare ; then, to 
keep the steam up, the rake is put into the fire to 
knock it about, and to blaze the coals away. Besides, 
in a big boiler with a big grate, one will generally 
find by the side of it, to keep it warm, a big draft. In 
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etone instancefi, the boiler is overpowered, but as a 




Tig. 11. — Lancashire Boiler : Front Elaration. 



Pig. 13.— IdSoaBhire Boiler : Croea Section. Scale, l-48th. 



104 STATIONARY ENGINE DKIVING. 

rule it is done because the thing looks in k< 
Now with a large grate of 6 feet long by 3 feet 4 ii 
wide, the fire is too low below the furnace top for 
hot gases to come in contact with the plate, 
soon as the attendant closes the fire-door, the 
draught pulls the gases out of the furnace without 
being properly ignited, or being by a slower 
allowed to touch the plate above. If, instead of 
grate, we had two grates 4 feet long by 2 feet 7 h 
wide, the attendant would with certainty cover 
whole grate by means of the shovel, which would 
out the rake and save coals. Besides the fuel woqj 
be nearer to the crown of the furnace, and the wttii 
and the draft would be split. 

The illustrations show the difference in the tl 
constructions, and they will enable enginemen ' 
learn the reason of one being called a Cornish^ ax 
the other a Lancashire boiler. As there are scarod 
two boiler-makers who put their boilers together alik 
it is unnecessary, while noticing the boilers, to adyoea 
any particular design or class, for the simple object < 
this work is to explain such things as are useftil, az 
are calculated to raise the mind of those in charge • 
engines and boilers, and to induce them to study H 
questions hinted at here, in the works of others. 
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THE GALLOWAY BOILER. 



The general arrangement and construction of the 
latest improved " Galloway " boiler is illustrated by — 



Longitudinal section 

Plan 

Front Tiew (Section on line a b) . 

n w ( » »» Gd) 



. Plate III. 
IV. 
V. 
V. 






In many respects and in general appearance^ the boiler is 
of the Lancashire type^ which as hgiven such excellent 
results in England. 



1. Main steam-pipe. 

2. Feed-water-pipe. 

3. Safety-yalye. 

4. Steam-g&age. 

5. Water-gauge. 

6. Fusible-plug. 

7. Furnace. 

8. Mud-hole. 

9. Ash-pit plates. 

10. Blow-ofi^cock. 

11. Flue-door. 

12. Steam junction-yalye. 

13. Man-hole. 



14. Feed-water*yalye. 

15. Damper. 

16. Damper-weight. 

17. "Galloway" patent conical 

tubes. 

18. Gusset-stays. 

19. Pockets. 

20. Side flue. 

21. End of flue. 

22. Bottom flue. 

23. Fire-lumps to support boiler. 

24. Water. 

25. Steam or steam-space. 



The Galloway boiler has now been in operation over 
twenty-five years, and is used in all parts of the 
United Kingdom, supplying steam to some of the most 
powerful engines, and giving great satisfaction. At the 
Philadelphia Exhibition of 1876, thirteen descriptions 
of boilers were tested, including the Galloway boiler, 
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with the view of ascertaining their respective merits as 
economical and satisfactory steam generators. Each 
boiler was tested separately for eight hours, observa- 
tions being taken every twenty minutes, under ordi- 
nary working conditions, and a pressure of 70 lbs. to the 
square inch was regularly maintained throughout each 
trial. The test was conducted as follows : — Steam 
having been raised to 70 lbs., the height of water in 
the boiler was noted, and the fires were drawn. The 
fires were then relighted with fuel, which was weighed 
and charged against the boiler ; all the additional coal 
supplied for the trial was also weighed as it was served 
out to the fireman, and allowance was made for the 
coal which remained unconsumed in the furnaces at 
the termination of the trial. Observations were made 
to test the state of dryness of the steam by condensing 
a certain weight of steam in a given quantity of water. 
The dampness of the steam or the moisture it contained 
was calculated from the increase of weight of the water 
and. the rise of its temperature. 

The feed- water supplied to the boiler was measured 
and also weighed, the force-pump for supplying it 
being fed by steam from the boiler on trial. The re- 
sults arrived at are embodied in the table below, from 
which it will be seen that Galloway's boiler (Patent 
1875) attained the most economical result, evaporating 
11*72 lbs. of water at 212° Fahrenheit per pound of 
combustible. In addition to achieving the most efficient 
evaporation, the boiler yielded the driest steam. An- 
thracite coal was the fuel consumed in testing all the 
boilers, excepting the Galloway boiler, which, being 
more suitable for bituminous coal, was tested with that 
description of fuel : — 
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Description of the " Oalhway " Boiler. — The shell is 
made of nine rings of plates^ about three feet in width; 
each ring being made up by three plates in the circum- 
ference. The transverse riveting of the circular seams 
is single — that is to say, there is one row of rivets. 
The longitudinal riveting, for the longitudinal seams, 
is double riveting. 

It has been found by a series of carefiiUy conducted 
experiments that the doiible-riveted straight seam is 
considerably stronger than the zigzag plan. 

The plating of the shell is what is termed parallel — 
that is, the plates are bent truly cylindrical, so that the 
successive rings of plates are idtemately lapped inside 
and outside. Thus — 



Fig. 13.— Plating of Boilers. 

This system is an improvement on the old style of 
conical plating, where each ring is lapped outside at 
one edge and inside at the other edge. On this system 
all the plates are required to be cut tapering ; on the 
other system the plates are rectangular. 

The front end-plate is securely attached to the shell 
by an angle-iron, and is turned on its outer edge. The 
holes in the furnace-plates are carefully bored out in 
the lathe. The back end-plate is connected to the 
shell by flanging, so as to allow sufficient play for the 
expansion and contraction of the flue. At the back 
end the flue is connected to the shell by means of an 
angle-iron ring. 

The furnaces are each in three rings, welded longi- 
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tudinally and flanged transversely with a strengthening 
ring between the flanges ; thus all riveting is kept clear 
of the fire, and there is ample strength for resisting 
the pressure of the steam. The tubes are connected to 
the front end-plate by angle-iron rings. Beyond the 
bridge they are connected to the flue containing the 
pockets and patent cone tubes. This flue is concave 
at the bottom instead of being convex, as previously 
formed. By this improvement much more room is 
provided underneath for the passage of a man to 
inspect, clean, or repair the boiler. The tubes in the 
flue converge towards one centre, from which the 
curves of the top and bottom of the flue are struck. 
They are all alike, and are interchangeable ; and as the 
tubes are flanged square to their centre lines, less strain 
is put upon them in their manufacture than when 
obliquely formed, as before. The tubes for these 
boilers are made by machinery, by which greater 
accuracy is secured than when they were made 
by hand. These tubes are d| inches in diameter at 
the smaller end, and 10| inches in diameter at the 
larger end, so that the smaller end of the tube can be 
drawn through the hole cut in the flue to receive the 
larger end of the flue if at any time it should be 
required to remove a tube. Practically, it is not 
necessary to remove or renew a tube, as the tubes last 
as long as the other parts of the boiler. 

The taper form of the tube allows the globules of 
steam to rise as they are formed, into the water, clear 
of the surface of the plate. This is advantageous, for 
if the water is kept ofE the plate by the steam that is 
generated there, the tube is liable to be overheated and 
burned out. 
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Pockets are placed in the flue^ wliicli deflect the 
flame amongst the tubes when it would otherwise seek 
a direct passage. 

At the back end the flue is reduced, where it is 
connected to the shelly by contracting pockets, in 
order to allow of the necessary expansion and contrac- 
tion which the flue of the boiler undergoes when at 
work. 

The ends of the boiler are stayed to the shell by a 
number of gusset-plates, several of which are extended 
to the second plate of the shell, in order to give 
additional holding strength. They are attached by 
double angle-irons, and they are not brought nearer 
than eight inches to the crown of the Aimace or of the 
flue. By such a provision scope is allowed for the ex- 
pansion and contraction. If the connection were too 
near and too rigid the end-plate would be overstrained^ 
and grooving would be the result. 

The boiler is fitted with a pair of doors having a 
brass grid, by which the admission of air is regulated 
according to the state of the fire. Inside the furnace, 
at the entrance, there is a dead-plate, next to which 
are the fire-bars of cast-iron, in three lengths, resting 
upon cast-iron bearers. The fire-bars extend 'to the 
bridge, which is made of fire-bricks of a height suffi- 
cient to deflect the flame towards the crown of the 
flue, without checking the draught. On the front of 
the boiler there are two water-gauge glasses, having a 
pointer showing the best level at which the water 
should be maintained, leaving ample steam-room in the 
boiler. The gauge-glasses are connected at the bottom 
by a drip-pipe, which carries the waste water to the 
drain — ^not into the ash-pit. A steam-gauge is fixed 
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on the front-plate, as near to the top of the boiler as 
possible, in . order to keep it cool and in good order. 
The safety-valve is placed on the first shell-plate of 
the boiler : consisting of a mitre-valve with a lever and 
a weight, which can be adjusted to any pressure. The 
function of the safety-valve is to give notice when the 
pressure of the steam rises too high, and to relieve the 
boiler of surplus steam. A man-hole is provided at 
the top of the boiler, about seventeen inches in diameter 
— sufficiently large to allow a man to get inside the 
boiler. 

There is a mud-hole b at the front. Underneath 
the boiler, near the front, there is a blow-ofE-cock, 10, 
which is connected by a curved pipe to a stand-pipe 
riveted on the boiler. This cock is opened at intervals 
during the day to let off the mud which collects at the 
bottom of the boiler. It is also opened when the 
boiler is required to be blown-off altogether. 

A steam-nozzle or stop- valve, 12, is also provided. 
It is a valve which is set down or closed by means 
of a hand-wheel and screw. Underneath the nozzle, 
inside the boiler, there is an anti-priming pipe, which 
is formed with a number of perforations, through 
which all the steam passes from the boiler for the 
supply of the engine. The water is separated in the 
passage, and is sent back into the boiler ; thus a supply 
of dry steam is reserved. 

The main feed-water-pipe is connected to a feed- 
valve by a curved pipe, as shown. This valve acts 
also as a back-pressure valve ; that is to say, although 
it allows water to pass into the boiler, it does not allow 
the water to return. 

Inside the boiler there is a long perforated pipe, by 
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which the water is effectually distributed instead 
being allowed to enter the boiler at one spot, wl 
might be injurious. 

The boiler is also furnished with a damper 
tackle, ashpit-frame, and foot-plates, placed just 
front of the boiler. Flue-doors are placed in front 
give access to the flues of the boiler. 

After the current of flame and hot products 
passed through the boiler, it is split and passes roi 
the sides ; then it dips and passes undemeaith 
boiler, and thence past the damper to the main flue* 

The method of conducting the gases along the sii 
first, and afterwards along the bottom, is found ii 
much better with the Galloway boiler than the revi 
order of passage — ^under the bottom first. 

The boiler is set upon lumps, which are better ani^ 
more easily fixed than fire-brick. 

The setting of boilers has been much improvecp 
There was a time when the flame in the side flues wai 
allowed to impinge upon the plates of the boiler abori 
the water-line. The plate, in consequence, was liaUl 
to become overheated to a dangerous degree, onfl 
weakened by the sudden access of occasional draught|ll{ 
of cold air, by which their temperature was suddenl|j 
and imequally reduced. All the heating surface in tlMJl 
flue — that is, the surface of the boiler which is exposed 
to the heated gases — should be below the water-lino^ 
with a margin of safety. The plates at the side, when 
they are exposed to frequent changes of temperature^ 
must inevitably become a source of danger. 

Another barbarous practice is to set a boiler upon a 
bed of wet brickwork and mortar, on a wet foundation, 
exposing the plates to corrosion as soon as the boiler is 
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set to work. Corrosion under such circumstances never 
ceases in the work of destruction until it has necessi- 
tated the boiler being lifted off the brickwork and 
patched. 

Formerly, boilers were supported on the centre by a 
mid-feather of raw brickwork, so that water from a 
leaking rivet or joint would naturally run down the 
boiler side and assist the corrosive agents in their 
destructive work in the neighbourhood of the plates 
which rested on the middle support. The evil was 
alarmingly intensified by the extent of the brickwork 
in width and in length, touching a large area exposed 
to the work of destruction. This deceitful agent 
worked in the dark. How was it possible for a man to 
examine what was going on under a boiler in the 
centre of an 18-inch brick wall extending to a length 
of from 20 to 25 feet P ic it surprisiixg that boilers 
have suddenly left off working y and ascended, to bring 
down a factory with them in their descent. 

Boiler after boiler explodes, whilst the causes of ex- 
plosion can be clearly traced. Little by little, altera- 
tions and improvements are made, which lead to a 
reduction of the number and extent of accidents by 
explosion. Much of the amelioration is due to the 
invaluable influence and the good management of 
boiler insurance companies. But all that can be done 
is not done ; the men in charge of boilers should hold 
certificates of service and competency. 



CHAPTER X. 

DETAILS OF THE GALLOWAY BOILER. 

Safety-vakey 3 (Plates III., IV., V.). — The inyention 
of the safety-valve was one of the most important of 
any connected with the steam-engine. The invention 
is generally ascribed to Papin, a French physician 
and engineer; but weighted valves or plug openings 
were made before his time. Some of the ancient 
steam-deities were so fitted. But Papin did for the 
safety-valve what Watt did for the engine: he ex- 
tended and improved it, with respect to the mode of 
employing it, by means of levers and movable weights; 
and thus he prevented the valve from being blown 
off its seat. He made one valve to do the work, 
or answer the purpose, of many, by regulating the 
pressure upon the one valve by weights. Practically, 
he was the inventor of the steel-yard safety-valve as 
an improvement upon the dead- weight or direct- weight 
valve ; and so long as safety-valves are used the world 
will be his debtor. Many wonderful tales have been 
told about safety-valves sticking upon their seats until 
the boilers they were supposed to keep safe have either 
blown up or collapsed. It is possible for a valve to 
stick, it is possible that it would cause an explosion ; 
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but the liability to accident can be almost entirely 
prevented by proper design, fitting, and management. 
Safety-valves are either flat- faced or conical. The 
contact of the former may be termed a lid-seat, while 
the latter is a mitre-seat. Both are weighted, either 
indirectly by levers or directly by dead-weights or 
helical-springs. Sometimes the dead-weight is at- 
tached to the end of the valve-spindle, and it hangs of 
course inside the boiler; but dead- weights have a nasty 
way of occasionally becoming detached, and then 
away goes the valve through the roof of the engine- 
house, followed by a discharge of steam and water, 
which prevents any one driving a wooden plug into 
the hole imtil the boiler becomes nearly empty. Both 
flat valves and mitre-seated valves are either guided to 
their seats by inside wings or by central stalks. 
Oentral stalks or spindles are apt to get bent by the 
accident of falling horn, a bench, or from the boiler, on 
to a stone floor. The injury is not detected until the 
valve is returned to its place and the steam is seen to 
blow " through " much below the boiler pressure. The 
cause may remain a mystery until all the steam is 
blown off from the boUer Jd the valve withdrawn. 
Then even it may be thought to be all right; but, 
when it is put into a lathe, between the centres it is 
discovered to be " drunk," that is, not perfectly straight. 
It may be only out of the straight by the thickness of 
a bee's wing, but steam is a gas, and the seat of the 
valve must be closed all round by the face of the 
valve; otherwise steam will escape where there is 
the slightest defect. Central spindles have an inherent 
defect, and that is that they are liable to stick in the 
guide-hole inside the pipe below the seating, by dix^ 
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working up between the spindle and the sides of the 
hole. In many instances, when boilers have been out 
of use for a time, the valves have been found as fast as 
a rock, by corrosion. The conical or mitred valve with 
three stalks or wings is universaUy acknowledged to 
be the better valve. It is seldom found to stick un- 
less it is imperfectly fitted, which may arise from its 
being made too good a fit, and not being allowed free- 
dom of action under a change of temperature, or of 
other working conditions. When it is fitted into a 
cast-iron seat, itself being brass, the relative contrac- 
tion and expansion are not the same, and the valve is 
then apt to bind and to deceive ; and therefore to be- 
come a thousand times worse than no valve. The 
valve, as well as its seat, should be of hard gun-metal. 
The angle for the cone should be 45°, and mitred not 
more than an i-inch in width for contact. Many 
valves do better and wear longer with a V^-inch mitre. 
The disadvantage of having too broad a mitre face on 
the valve is, that when the valve is opened by the 
steam this penetrates or insinuates itself between the 
conical faces of the valve and its seat, and acts upon a 
considerably larger area of surface than when the valve 
is down on its seat. Then, as a consequence, the 
valve, once opened, will not drop again into its seat 
until the pressure is diminished below that which 
sufficed to lift the valve, which is supposed to be the 
initial blowing-o£E pressure. Besides, with a wide face, 
the valve does not cut the steam off so clean and so 
promptly when the pressure underneath subsides, as a 
narrow-faced valve does. 

The lever of a safety-valve should not be unneces- 
Baxilj long — not longer than is required for the highest 
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pressure at which the boiler can be worked, so that the 
pressure cannot be increased accidentally by any one. 
Whatever length the lever may have, the engineman, if 
he chooses to do so, can place additional weights on the 
lever, and so lead to such an increase of the pressure 
as to burst the boiler. It will be noticed that in the 
safety-valve on the boiler illustrated by Fig. 14, the 
lever is bent downwards. When a valve is directly 
held down by a straight lever, there is a tendency, 
when the lever is pressed down at the end with a 
spring or weight, to jam the valve by an oblique 
thrust, caused by the centre of contact being above the 
point where the thrust takes place, which is obviously 
avoided by bending the lever. 

Safety-valves should be allowed to blow off once 
every day, when their condition and accuracy may be 
test^ with a " Bourdon ** gauge. They should never 
be fixed out of sight — ^inside a pipe, for instance — with 
the object of carrying the steam outside the roof. If 
the boiler cannot be worked so as to avoid blowing-off, 
the valves should go outside the roof as well, with a 
chain attached, so that the engineman can control 
them. Of course, there they are more exposed to the 
corroding influence of the weather outside, and as their 
place is on the boiler, it is better that they should be 
fixed there — removed as far as may be from the open- 
ing for steam to the cylinder. 

It is a very useless act of enginemanship to lift a 
valve off its seat with a boiler fiill of steam, as it causes 
a great and instantaneous rising of water and steam in 
the form of a cone, towards the valve ; and when the 
valve is suddenly closed the water reacts upon the 
valve as a fulcrum and drives back with great force to 
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(ie bottom of tte boiler, the effect of wbicb lias been 
sufficient to cause an explosion in a weak boiler. 

It is necessary tbat every engineman should be able 
to calculate the necessary weight to apply at the end 
of the lever to balance a certain pressure on the valve, 
so that he may have a kind of command over wh&t is 
in the boiler. Such knowledge gives a man a higher 
estimate of his berth ; and gives him an air of confi- 
dence such as knowledge only confers. After a boiler 
is redaced in strength through wear and tear, it is a 
common occurrence to reduce the pressure by shifting' 
the weight, which is often done without any calculation 
whatever. But it is far more business-like to make a 
proper calculation. Examples of such calculations will 
be found at the end of this work ; but it may be oppor- 
tune here to mention that the principle of the safety- 
valve-lever is very simple, thus (Fig. 14) : — 




Pig. 14.— Safetf- valve. 



w is the power applied at different distances along the 
lever between a and b— the valve. The steam endea- 
vours to leave the boiler by virtue of its elasticity, and 
constitutes the resistance at b. The greater the dis- 
tanoe between b and f — that is, between the power and 
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the fulcrum — the greater is the leverage of w on the 
valve at b. If w and f are 17^ inches apart, and b 
and F are 3^ inches apart, 

17J in. -r 3J =s 5, the leyerage ; 

then a weight hung on the lever at w would have an 
influence five times that of an equal weight at b, 
because it is five times as far between w and f as it is 
from b to F. 

The proportion which the power bears to the weight 
or resistance is as the distance of the weight from the 
fulcrum is to the distance of the power from the same 
point. In a word, the power and the weight or resist- 
ance are inversely as their distances from the ful- 
crum. 

Risible-plug, 6. — Fusible-plugs are placed in the fiir- 
nace-crown to prevent, or rather to give notice of, 
insufficiency of water in the boiler; but in many 
instances their value is anntdled by their being too 
short in the inside of the boiler. It is obvious that if 
their length allows them to project into the water only a 
very short distance, they give alarm only when there is 
actual danger, instead of being a safe-guard in the 
actual sense of the word. A plug should give warning 
of danger long before the fire can injure the plate, and 
this can only be done by making the plug of sufficient 
length, and there is no reason why the end should not 
stand up in the water an inch or more above the fire- 
line. When plugs are too short they are liable to be 
covered with stony scale, and although the lead or 
alloy may be melted out the scale will prevent the 
water from entering the fire and raising an alarm of 
danger* By giving them a reasonable length they 
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have more chance of answering the purpose for which 
they are inserted in the plate. Although it is desirable 
not to have many holes in any boiler, in order to 
secure unimpaired the normal strength of the pirate, yet 
it is a very desirable precaution to have more than one 
fusible-plug in every boiler. 

Plugs should be fixed fore and aft the furnace-crown. 
In some instances, several small plugs are clustered to- 
gether, fitted into a seating which is attached by rivets 
to the centre of the crown, but the accumulation of 
scale over this seating may render the whole of them 
practicaUy useless. When a furnace is fitted with 
duplicate plugs, the investigation into the cause of 
the melting of one is much facilitated. The other 
remaining intact is a proof that the furnace-plates 
have not been overheated. 

Many instances could be cited where much suspicion 
would have been averted and full confidence retained 
between an employer and an engineman if duplicate 
plugs had been used. We have duplicate gauge- 
glasses, and why not have the same laudable principle 
of security carried into the furnace P 

A plug may be blown out through being worn out, 
and every engineman is aware that when the alloy gives 
way it causes much annoyance. This circumstance has 
caused very much inconvenience through the attendant 
not knowing how to act. But to prevent any imneces- 
sary delay, the discharge of steam and water should be 
temporarily prevented by driving a wooden plug into 
the hole : this is attained by providing an iron rod of suffi- 
cient length capable of conveying the plug to the hole. 
It is a ridiculous idea to stop a mill or a locomotive 
simply because a hole half-inch or less in diameter 
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cannot be plugged for an hour or two, until the plug 
can be properly restored. 

Care should be taken to renew a lead plug as soon as 
possible after it commences to leak. It may last for 
weeks and not give way ; but the evil is that it leads 
to the wasting away of the plate about it, and in time 
necessitates a patch, the plate having become danger- 
ously thin. Now a thin plate above the fire is in the 
most dangerous of all places about a boiler. The 
weakest part of a boiler should be the tubes, for a very 
plain reason. When a plug gives way the damper 
should be closed and the fire damped with green coal, 
so as to prevent an increase of steam which will follow 
by an induced current of air following the escaping 
steam made by the water being instantly evaporated 
as it comes in contact with a large body of fuel. 
These plugs often become dangerously softened before 
they reach the temperature at which they are destined 
to give way, and then they blow out. The occurrence 
is not always evidence of the furnace having been over- 
heated. If they blow out when the boiler is full of 
steam, just close upon the normal pressure, very often 
the steam will suddenly rise and lift the valve, to the 
alarm of the engineman, whose attention is then doubly 
fixed upon the coincidence of the circumstances — plug 
blowing out, and steam allowed to escape into the fire ; 
and the safety-valve allowing escaping steam to fill the 
engine-house. He naturally thinks she is going to 
burst, and flies to the pump. The sudden rise of steam 
occurs in the boiler through the pressure of steam 
being suddenly diminished ; and the water round the 
plug-hole being put in a state of motion, the steam 
escapes out of the water into the steam-space. 
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Floats. — ^Tliis class of gauges is fast going out of use. 
It consists of counter-balanced weights ; the weight in 
the boiler is frequently a stone which floats on the top 
of the water, by the difference between its specific 
gravity and that of the water being counter-balanced 
by a weight outside the boiler. The two are connected 
by a wire suspended over a pulley. The wire works 
through a stu£Bng-box in the shell of the boiler, and 
the rise and fall of the water is shown outside by the 
position of the weight hanging by the side of the 
pulley. 

It has many defects and requires well looking after. 
Its cardinal fault is that it is too sluggish, and requires 
more sensibility to record the position of the water with 
satisfaction than its principle will admit of. The 
varying positions of the water are not brought home to 
the attendant with such force by the float as by the 
gauge-glass. Then, again, the wire, when of iron, soon 
becomes oxidated and works in the stuffing-box with 
an excessive degree of friction which is highly danger- 
ous. Again, this wire, if made of copper, is liable to 
stick by being packed too tight ; and there is, further, 
the possibility of the wire being damaged and bent* 
Should it break, the business is all over until the steam 
is blown off, the manhole-joint broken, and the float 
fished up by a "nipper'* lad. When the float is 
repaired, there is the joint of the manhole to be 
re-made ; and by the time everything is ready to start 
again, the accident has cost a sovereign. Nothing of 
this kind takes place with gauge-glasses, which make 
a neat and certain register, without any inconvenience 
whatever. 

When floats are in a leaky condition at the stuffing 
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box — and it is scarcely possible to prevent their leaking, 
for any lengtb of time — the water and the condensed 
steam fall on the boiler, and trickle down by the side 
into some quiet cranny, so deep down under the boiler 
as to be out of sight — that means, in many cases, out of 
mind until the boiler gives out by corrosion. " Gauge- 
glass indeed ! *' said an engineman ; '^ I prefer a float. 
Look what a box you would be in if a gauge-glass 
hosted in the night,^' continued he, with a knowing 
wink, which implied that that was a clencher. But 
gauge-cocks can be closed at night, and should be 
closed. Is any reliance to be placed in self-acting water 
regulators P None whatever ; they soon become defec- 
tive and worse than useless. They are generally 
worked in connection with the float, by means of cocks 
and valves ; but they soon get out of order, and they 
leak, especially if the water is at all brackish or 
hard. 

But the worst feature in the float is that it gives the 
boiler attendant an idea of security — ^when, possibly, 
there is no security at all. When a man knows that 
the water-level in the boiler regulates itself he is very 
easy about it, and he does not give the proper degree 
of attention to the varying height. There is nothing 
like keeping an engineman in a state of intellectual 
activity. He is all the better for it, and he knows it, 
and is ready to acknowledge it. 

There is a report about that the enginemen of the 
present day would be completely lost if they had to do 
the intellectual part of what was performed by men 
years ago, both in atationary-engine working and 
locomotive working. The machinery is ?o nearly 
perfect that the work that is required to be done is th<^ 
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same over and over again, until the man in attendance 
becomes a macliine himself. But if a break-down 
happens, be it the bucket of an air-pump, or a foot- valve 
gone, he is not sure exactly what he is to do. Many 
men cannot act on an emergency — some men can. 

The Steam-Pressure Gauge (Bourdon* a Gauge), 4, 
is constructed on the principle that a hollow elliptical 
metal ring will uncoil itself by its elasticity when the 
pressure which is applied to it by the steam admitted 
internally is withdrawn. The construction is this : A 
hollow brass hoop of an oval cross section (thus ^3)> 
into which the steam passes, is secured at one end to a 
brass plate, which is fitted over the steam entrance to 
the gauge, the joint being made steam-tight. The 
other end, which is closed, is attached by means of a 
small arm to a toothed sector, which is geared into a 
small pinion upon the spindle to which the index- 
pointer is attached. The steam entering the hoop 
causes the end which is attached to the sector to move 
outwards from the centre ; this causes a corresponding 
movement in the pointer, transmitted by means of the 
arm, sector, and pinion ; the movement continues as 
the pressure of the steam increases. 

The hoop, arm, sector, pinion, and frame, to which 
they are hung, are all of brass. The use of the inverted 
siphon-pipe is to collect a small quantity of water, so 
that it may act as a cushion between the steam and the 
working parts of the gauge ; also to prevent injury, as 
the steam permeating the gauge would in time spoil its 
action, loosen the enamel from the dial, and also dim 
the glass so that it would become unreadable and 
unsightly. The cock which is placed at the lowest 
part of the inverted siphon-pipe is designed to draw 
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off any water whicli may have collected in it ; if the 
water was not drawn off it would rise into the gauge^ 
and the steam pressure would in consequence be incor- 
rectly indicated. The steam-pressure gauge does not 
indicate the total pressure of the steam, but the net 
pressure above the atmosphere. The steam pressure is 
measured from the pressure of the atmosphere, that is 
0, or zero, on the gauge. When the index of the gauge 
shows a pressure of 50 lbs. per square inch, it requires 
15 lbs. atmospheric pressure to be added to the 50 lbs., 
making 65 lbs., to give the total pressure in the boiler. 
All pressure gauges should be provided with suitable 
stop-cocks to shut off the steam from the boiler, so that 
the gauge can be taken down and repaired. When it 
is put in its place, the bend in the pipe should be 
filled with water, which transmits the pressure of the 
steam to the spring at a low temperature; and the com- 
munication with the boiler should be opened carefully, 
so that the sudden impulse of the steam may not break 
the spring in the dial. 

Every boiler should be fitted with an independent 
steam-gauge, fixed so that it can be readily seen by 
any one entering the boiler-house. 

In frosty weather, the water in the tube is liable to 
be frozen, and the tubes require to be lapped with spun- 
yarn or some other non-conducting substance. The 
owners of steam-boilers should provide a check-gauge 
to detect any recklessness or oversight on the part of 
the engineman, by erecting an alarm pressure gauge, 
by means of which an accurate and faithful record of 
the boiler pressure may be rendered in the office. 

It is fitted with an alarm-bell and can be set to any 
pressure, and so soon as this pressure is reached the 
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bell will ring. A large saying of fuel can be effected 
by adjusting the ringing pressure below the blowing- 
off points, and indirectly save unnecessary straining of 
the boiler either by over-pressure or by intermittent 
expansion and contraction, as it registers the pressure 
at any moment. It is especially useful where the 
engine is required to run as uniformly as possible. It 
incites those in charge of engines to the utmost care 
and YigUance, by fiimishing them with a correct 
Account of the result of their efforts to work the boiler 
as nearly to one temperature as possible. 

Low-water Alarms.— Vm^^B water-level indicators, 
acting by magnetic force, as constructed by Messrs. 
Lethuillier and Pinel, have given satisfaction ; but they 
are indirect and delicate in action. 

Duryea's electro-magnetic low-water alarm, on the 
contrary, is positive in action. It provides for the 
sounding, with certainty, of a call or alarm at any 
distance from a steam-boiler, when the water falls 
below a given level. The circuit-closing apparatus is 
enclosed in a tube fixed on the front of the boiler ; and 
it stands, when in readiness for action, charged with 
hot water. If, from any cause, the water in the boiler 
falls below the proper level, the apparatus becomes 
charged with steam, which fiUs the chamber previously 
occupied by the water. The enclosed mercury, subject 
to a greatly increased temperature, is expanded, and it 
rises ; and, coming into contact with a platinum wire 
suspended above it, completes the electric circuit, and 
sets the alarm-bell ringing. The ringing continues 
imtil such time as the water in the boiler has been 
brought up to its proper working level, and the tube 
becomes recharged with water. With the lower tem- 
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peratore of tlie water, the merciuy 
is lowered in temperature, and it 
sinks accordingly. The electric 
circiiit is broken, and the alarm 
ceasea. The alarm is conveyed by 
wires to the manager's office as 
well as to the engine-room. 

Mercurial Gauge. — Where a 
"Bourdon" gauge is not used, 
some boilers are provided, as a 
check upon the safety-valve, with 
aU-tnbe (Fig. 15), containing mer- 
cury, open at one end to the atmo- 
sphere, and at the other end with 
the steam in the boiler. This 
gauge is only employed when the 
pressure is a few pounds above 
that of the atmosphere, and it re- 
quires careM using, otherwise the 
mercury may be blown out. There 
is not any danger attending it, 
as the bore in the tube is too 
small to allow of any sudden re- 
duction of pressure. Steam is ad- 
mitted from the boiler by the pipe 
c and presses upon the mercury 
contained in the tube u 6 m. Each 
2 inches of rise is equal to 1 lb. 
pressure above the atmosphere, 
which has access to the top of the 
mercury by the open end of the 
tube. Aline from the float in this 
tube passes over the pulley p, and 
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is attaclied to the index s, to show tlie variation of 
pressure on the annexed scale, m, m, are openings 
fitted with suitable screws, which can be removed for 
the admission of mercury, which is poured in, until 
it shows itself at m, m, in each limb of the siphon. 
When these two holes are screwed up, the screw b is 
withdrawn, and a small quantity of water is poured on 
to the top of the mercury and the hole is screwed up. 
The water is provided in order to prevent the mercury 
from being oxidised by the steam. 

Vacuum-Gauge, — This gauge consists of a case, about 
seven inches in diameter, with a dial-plate in front. 
Inside the case, and communicating with the condenser 
by means of pipes, there is a bent hollow tube, oval in 
section, the other end of which is closed air-tight, 
pointed ofif and attached to a sector which works into 
a smaU pinion, the spindle of which carries a pointer 
working against the dial in front. In the steam-gauge 
the pressure of the steam within the tube tends to 
straighten it ; but in the vacuum-gauge the pressure of 
the atmosphere outside of it tends to compress or bend 
it, and thus move the pointer, which indicates the 
amount of exhaustion or vacuum. 

Pressure in the Condenser. — The vacuum-gauge, like 
the steam-gauge, does not of itself indicate what 
pressure there is in the condenser. To find out the 
amount of back-pressure the difference between the 
reading of the vacuum-gauge and that of the barometer 
must be taken. Thus : Vacuimi by gauge 26i inches, 
barometer 30 inches, then 30 inches — 26i inches = 3i 
inches, and this gives If lbs. per square inch, the abso- 
lute pressure in the condenser. 

Barometer Gauge. — This instrument is employed for 
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the purpose of ascertaining the pressure of the atmo- 
sphere. It was invented by Torricelli, to solve the 
problem respecting the rising of water in a vacuum. 
It consists of a graduated tube of glass about 30 inches 
long. The tube is first filled with pure mercury — one 
end is sealed — and inverted with its open end in a cup 
also containing mercury. The pressure of the atmosphere 
upon the mercury in the cup prevents the mercury in 
the 30-inch tube from rushing out, and hence it is that 
the atmosphere is equal to supporting the pressure of a 
column of mercury 30 inches high, or, what is the same 
thing, a column of water 34 feet high. In the construc- 
tion of the barometer, the principal object to be attained 
is a perfect vacuum in the upper part of the tube. To 
obtain this, the tube must be made perfectly free from 
moisture ; it must have a bore sufficiently large to 
render the influence of capillary attraction insensible ; 
the mercury employed must be purified by distilling it, 
when a portion may be put into the glass and boiled in 
it. Then more mercury is introduced and boiled in the 
tube ; and so on until the tube is full, and the whole 
contents boil. Thus the air in the tube is got rid of 
as each portion of mercury is poured in. The tube 
should, in fact, be a little more than 30 inches long, so 
that when it is inverted, as already described, the mer- 
cury will adjust itself to the precise height (30 inches) 
by flowing out of the tube into the cup, and then 
but a small vacuum will be left in the top of the glass. 
"We learn from the fact of the air supporting the mer- 
cury in the barometer that the normal pressure of the 
atmosphere is 14*75 lbs. per square inch, or in round 
numbers 15 lbs. A species of barometer is sometimes 
used as a vacuum gauge. It consists of a U-tube con- 
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taining a portion of mercury in both limbs. When the 
instrument is connected with the condenser in action, 
the mercury rises in one limb and falls in the other. 
In such a gauge, an inch of rise or of fall must be read 
as double the gain or loss, when compared with an inch 
of the straight one. The graduations in the common 
steam-gauge and the common vacuum-gauge are 
marked from atmospheric pressure ; the one upwards, 
the other downwards. 

The steam-gauge shows the pressure of the steaih 
only, and therefore we must add the pressure of the 
atmosphere (15 lbs.) which is shown by the barometer 
to give the actual pressure within a boiler ; the vacuum- 
gauge shows the pressure of the atmosphere below its 
normal pressure, and when it has been so rarefied as to 
be incapable of supporting 30 inches of mercury. The 
air may be so reduced as to form a perfect vacuum ; 
although this cannot be accomplished in a condenser 
containing even the slightest amount of vapour. 

Vacuum is expressed as so many Inches. — Gauges are 
graduated to correspond with a column of mercury 
30 inches high, which balances the weight of the atmo- 
sphere, and is equal to 14*75 lbs, or 15 lbs. Suppose 
that there is a vacuimi of 20 inches. That would 
signify that the pressure of the atmosphere above the 
pressure in the condenser would support a column of 
mercury of 20 inches vertical height. To find the 
pressure of vacuimi, subtract the reading of the vacuum 
gauge from the indication of the barometer. For in- 
stance, 20 inches vacuum=101bs. ; 30 inches vacuum 
= 15 lbs. Then 15 lbs. — 10 lbs. = 5 lbs. 

Thermometer, — ^This instnmient is used to ascertain 
the temperature of water or other hot bodies. The 
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thermometer was invented by an unknown author in 
the seventeenth century, and improved by the Floren- 
tine academicians. It received subsequent ameKora- 
tions at Sir Isaac Newton's hands. 

This gauge is partially filled with mercury, like the 
barometer; but, unlike the barometer, it is close at 
both ends. The bulb and a part of the tube contain 
mercury, the rest of the tube is vacuous, and affords 
space for the expansion of the liquid. A graduated 
scale is attached to the tube to indicate the expansion 
of the mercury. Mercury does not take the solid form 
until it is cooled 39^ below 0^ Fahr., and it boils at a 
temperature of 650°. This extreme range of fluidity 
renders mercury a capital register. In the Fahrenheit 
thermometer, used in Britain and America, the num- 
ber 0° on the scale corresponds to the greatest degree 
of cold that could be artificially produced when the 
thermometer was originally introduced. The freezing 
point, 32° F., corresponds to the temperature of 
melting ice, and 212° F. to the temperature of pure 
boiling water — in both cases, under the ordinary 
atmospheric pressure, each division of the thermometer 
represents 1° Fahr., and between 32° and 212° there 
are 180^ 



CHAPTER XL 

STAETING AND WORKING AN ENGINE AND BOILER, 

Before making a fire under a boiler, or starting an 
engine, it is necessary to know something of their con- 
dition. This implies a general inspection ; and without 
making this the first point or leading duty, there can 
be no confidence, and everything must be left to blind 
chance, in the absurd belief in one's luck. Thousands 
of mishaps have occurred simply because an engineman 
expected to find an engine and a boiler in the same 
condition in the morning as when he left it over night, 
which is presumption. 

What should we think of a man, the captain of a 
ship, leaving port without ascertaining if he would be 
likely to keep sailing after he made a start ; without 
going round and exploring, under a due sense of re- 
sponsibility; without entertaining the slightest concern 
about the inconvenience that might arise from having 
to stop in the Bay of Biscay because his cargo was 
packed loosely ; who looked on the course of events as 
a fool's paradise ? 

If a responsible engineman sows anyhow — ^by halves, 
roughly, or unsystematically — ^he will be sure to reap 
accordingly. It is as true as gospel. If we read actual 
human life as we read books, we should learn the 
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lesson, and should store it in the memory for future 
use. 

Inspection of the Boiler. — No inspection is worth the 
name that is not thorough, no plausible scheme will do 
as a substitute. The boiler-house is crowded with cir- 
cumstantial diflferences. There are imperfections in 
construction, and there are growing imperfections, 
which for a time lie deep enough to weaken, but not 
deep enough to be detected casually. From the hour 
a boiler is set to work, it is acted upon by destroying 
forces more or less severe and uncontrollable in their 
work of deterioration. These forces may be distin- 
guished as chemical and mechanical. In most cases 
they operate independently, yet they are frequently 
foimd acting conjointly in bringing about the de- 
struction of the boiler, which will be more or less 
rapidly effected, according to circumstances often diffi- 
cult to detect. 

Breakdowns and failures of every possible descrip- 
tion, like everything else, have their causes and their 
origin within reach of investigation. Perfect engine- 
manship may consist of numberless qualities and 
shining talents, but that engineman is perfect who has 
acquainted himself with the hidden dangers which lie 
latent in the machine, and stored the memory with 
facts and incidents bearing upon every mishap that can 
overtake him in the course of his duties. 

The first thing that demands attention is the water 
in the boiler or boilers. The engineman should ascer- 
tain whether the level as it appears shows correctly the 
height of the water within the boiler, by opening the 
lower cock of the gauge-glass. If he is satisfied that 
the boiler is safe, he should closely inspect the CQQk& 
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belonging to the gauge-glass, as they are apt to 
become fast by the deposit of impurities from the 
water. The gauges for ascertaining the level of the 
water within the boiler are of various designs, viz. the 
brass cocks, the glass water-gauge, and the float. The 
brass cocks are of the simplest design, and they are of 
the ordinary description, plug and shell. They are 
screwed into the boiler, one above the other, to indicate 
the height of the water ; the lowest is placed in such a 
position that so long as the water is visible in the glass 
it is not actually unsafe, although when this bottom 
cock is opened and no water appears the boiler is in 
danger. The second cock, the one above, is usually 
placed at the best working level of the water. The 
third cock is placed higher up, and is placed in such a 
position as to show when opened an excess of water in 
the boiler, and how much water should be discharged 
from it. When the water is below the level of either 
of theselast two cocks, the fact can only be known by 
opening them and allowing steam to issue. 

The glass water-gauge was introduced by Mr. Napier. 
It is a simple contrivance, by the use of which the 
necessity of employing gauge-cocks is avoided. There 
are two cocks communicating with the boiler and with 
a vertical glass tube of sufficient strength, with only a 
small bore (-J-th), to enable it the better to withstand 
the force of the steam. The cocks being opened, and 
in communication with the boiler, by a principle in 
hydrostatics that the surface of aU water in different 
vessels in free communication with iBach other is at one 
level, the water rises in the glass to the same height as 
it is in the boiler. When the boiler contains steam it 
is very necessary to see that both cocks are in com- 
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munication with the boiler. For instance, if the top 
cock was not open, and the bottom cock was open, the 
weight of steam on the water within the boiler would 
push the water up the glass to the top, or would at least 
only be prevented from doing so by the air above the 
water within the glass tube. Therefore, when engine- 
men test the water by simply opening the test-cock on 
the waste-water pipe, it does not give positive evidence 
whether the glass is working right or not. To show the 
level correctly, the upper end of the glass must be 
open to the boiler as well as the lower end, so that 
there may be the same pressure of steam on the water 
within the glass as there is within the boiler. If there 
is the slightest difference it will cause a higher level 
of water to be seen in the glass than what there is 
actually in the boiler. It is then necessary that the 
steam- way and the water-way should be kept properly 
opened. This is troublesome when these passages are 
small. They are generally about J of an inch in 
diameter ; they should be at least -1 to ^ inch. 

Float. — This is a simpler instrument than a glass- 
gauge, but it has many defects, and liable to stick, 
either through being packed too tight or becoming 
oxidated, but its greatest defect is its sluggishness 
and want of sensibility. By inspecting these cocks as 
soon as he arrives on duty, an engineman in no small 
degree has secured not only peace of mind but a safe 
boiler to work with — ^at all events to start with, and it 
is an old saying and a true one, that a good beginning 
makes a good ending. 

The next object of notice is the pressure-gauge. The 
boiler may be safe for water and unsafe with an excess 
of steam. A glance at the gauge should show what 
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pressure of steam there is in the boiler. Now, it is 
possible to make the inspection we have noticed and 
yet miss an important point, and one which is most 
likely to teach an engineman something he could not 
otherwise discover. When a boiler is left on over 
night it contains so much water ; and the next morn- 
ing there is not quite so much, owing to the water 
having fallen in temperature. During the period that 
a boiler is perfectly tight and sound, the amount of 
water said to be lost never varies ; but if the boiler is 
not sound, but leaks, either in the flues or the tubes, 
the amount of water which has run off from the boiler 
through the defective joint or fracture in the plate 
should be a warning to the engineman the next morn- 
ing when he inspects the water-level. By this means 
he may be apprised of a rent or a loose rivet long 
before there may be any absolute danger at hand, or 
before he can hear the rivet leaking. Such pains- 
taking does not cost much every morning, but it assists 
an engineman to obtain a clue to what is going on in 
the dark. In the full persuasion that the boiler is 
leaking somewhere, he timely seeks to apply the 
remedy. 

Fire-Orate. — The available quantity of heat that can 
be produced from a ton of coal depends upon the con- 
dition of the grate in which it is consumed. Taking 
coal of superior quality and the grate in an inferior state, 
the efficiency of the coal, in water evaporated, may fall 
twenty or even thirty per cent. The type of grate for 
the best service is one with a good bridge, not too far 
from the door ; bars of an equal length, and not too 
wide apart, and an ash-pit void of ashes. It is the 
practice of some enginemen to puU some bars out in 
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order to drop tlie fire ; but it is liable to many objec- 
tions, and the greatest objection is that the fire can be 
cleared or withdrawn without doing so. When such 
work is required to be done, the refuse should be drawn 
into an iron wheelbarrow, and deposited outside the 
boiler-house, and slaked with water. Carelessness on 
the part of the fireman in not keeping the bars well 
covered and forcing the fire at another place to make 
up for it means a loss. It is no exaggeration to state 
that boilers and furnaces can be made, by mismanage- 
ment in the boiler-house, to blaze away fifty per cent, 
of the fuel without any advantage. 

The amount of heat lost by the hot ashes may range 
considerably when their condition is unsatisfactory. 
In a large factory with limited boiler power, all the 
heat is wanted, and where large cinders can drop 
through the bars a large quantity of cold air can go 
through into the fire. 

It is the practice in some places never to renew fire- 
bars until a new whole set is wanted. Day after day 
some hundredweights of coal are wasted for the sake of 
the system. That system is best which saves fuel. 

The safety-plug, or lead-plug, in the boiler, or boilers, 
should receive its due share of inspection ; and to guard 
against any mistake being made it should, when the 
boiler is empty, be withdrawn from the plate, and, if 
necessary, refilled. Plugs are often left in until the 
lead or the alloy is perished in them and they stop 
themselves, and sometimes a factory full of hands. 
Three months is quite suflBcient time for a plug to be left 
in without renewal of the metal. By inspecting plugs 
every morning, due notice is obtained of their disposi- 
tion to break. Leakages should be stopped at once, as 
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leakages lead to corrosion, and to destroy tlie plate 
around the hole. 

It is important that the blow-off cock should be in 
good working order, working freely and conveniently 
in its position without leakage. With a tap one may 
be pretty sure when it is shut properly. With a 
conical valve, working with a wheel or a screw, leakage 
is not so easily detected. All valves of this description 
should be fitted with indicators to show when they are 
quite shut. Many a boiler has been ruined through 
the water escaping noiselessly out of the boiler, in con- 
sequence of a blow-off valve not having been screwed 
quite down upon the seat. 

The safety-valves upon the boiler should be clear to 
the view, not boxed up or placed inside a pipe, up 
which the steam escapes to the atmosphere. This is 
only an inducement to blow off steam. The practice 
of wedging down the valves should never be coun- 
tenanced. It is also a favourite dodge, to hold the 
steam in the boiler, to pile some weights on the lever 
of the safety-valve, and although it is not so wicked an 
act as wedging it, still it is the right way to blow the 
boiler up. By an inspection of the lever the practice 
may be detected. The valve should be allowed to blow 
off, in order to test its correctness with the pressure- 
gauge ; but with moderate care it may be kept quiet 
for the rest of the time. When a safety-valve is 
blowing off, and the engine is at work, the boiler 
primes. 

The stop- valve on the steam-pipe should be opened 
very gently, to give the metal sufficient time to expand ; 
and steam should be allowed to pass it with equal care, 
in order to warm the pipes gradually. By suddenly 
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turning on the steam, a stop valve-box was burst, not 
by steam pressure, but by the expansive force of heat 
imequally applied. Great care should be taken in 
opening all valves in connection with boilers, so that 
the pressure may come steadily on the pipes and 
cylinder ; as, if there should be water in the pipes, the 
steam may drive it against a bend with sufficient force 
to split it. The same care is recommended when 
shutting off a stop-valve. A fearfiil explosion once 
occurred by shutting a communicating stop-valve too 
suddenly. Two boilers were opened into a third to 
blow out the water, its own steam having fallen too 
low for the purpose; when this was done the top- valves 
were closed, and both boilers blew up. The whole 
force of the steam was stopped in its motion, and the 
recoil from the valve struck back forcibly into both 
boilers and burst them. The same recoil takes place 
when the flow of water is suddenly stopped by a cock 
or valve. An engineman had been blowing down a 
boiler, but after doing so he found that he could not 
shut the cock on the boiler ; he shouted to his mate to 
shut the " blow-off,'* and the recoil of the water and 
steam forced a small oak wedge out of the cock, which 
had been left carelessly in the boiler. 

Neither in starting nor in stopping engines and 
pumps should the flow of steam or of water be inter- 
fered with suddenly. 

Experience proves how little notice the destructive 
power of sudden expansion receives amongst unthink- 
ing enginemen. They know practically that if hot 
water is turned into a glass, the chances are that the 
glass is cracked ; but, unthinkingly, they turn steam 
into cold pipes, cold cylinders, and cold condensers, 
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and when these break, the cause is declared to be 
unassignable. The cause is the same — the sudden ad- 
mission of heat into a cold vessel ; the effect is the 
same — a smash. 

Before starting the engine, it should be seen to be 
disconnected from the machinery it is intended to put 
into motion, or the machinery should be ascertained to 
be fit to be moved. In either circumstance the engine 
itself should bo examined, lubricated, and drained of 
condensed water. 

In conducting an examination, it is well to remember 
that it is not big things, such as fly-wheels, cranks, and 
beams, which generally give out; but the smaller parts 
of an engine, such as bolts and nuts, keys, and tiny 
split-pins. The examination should be conducted sys- 
tematically, and not directed to any particular thing 
that may happen to be thought of at the time. The 
whole of the engine requires to be examined before it 
is started. The examination should commence at the 
crank shaft. 

Big-end. — The big-end brasses work best, wear 
longest, and knock least, when tightened up brass to 
brass. They are, otherwise, adjusted by means of a 
cotter, key, and a set-pin. When this plan is followed, 
the cotter and key are not fast. The set-pin used to 
keep them from shifting is liable to be slacked back 
by jars. But when the big-end brasses butt together, 
the cotter or the bolts for holding them can be driven to 
nip them tight, and thus may make a solid connection. 
When bolts are used, holes should be drilled longitu- 
dinally in them, in order to reduce their sectional area 
approximately to an equality with that at the bottom 
of the thread, so as to render them uniformly elastic. 
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JSxcentric. — The sheaves are generally of cast-iron, 
and the strap of wrought-iron, or it may be of cast- 
iron. The sheaves are keyed to the crank-shaft. The 
hoop or strap is always in two halves, held together by 
bolts and nuts. They should nip tightly together, 
because any slackness would interfere with the lead 
and the working of the valve. 

Crank-shaft Beanngs. — The brass bearings are fitted 
into plummer-blocks, which are bolted to the engine- 
bed. They give very little trouble, provided they are 
properly oiled. Should one, however, get heated and 
cut the bearing, or should it wear away faster than the 
other, it throws a very ugly strain upon the crank-pin 
-^one likely to break it. As the bearings wear down, 
they are prevented from knocking by chipping a little 
off the upper brass, or by reducing the distance-piece 
between the brasses. But at all times the shaft should 
be maintained perfectly level. 

Glands. — The most important point about glands is 
to see that they stand fair or square with the rods 
which are guided by them ; and that there is sufficient 
packing in the stuffing-boxes to keep the steam from 
blowing through. 

Trimmings. — The trimmings are generally made 
with worsted and a piece of copper wire; and they 
supply the various bearings with oil by capillary action. 
The trimming is made by placing the worsted of the 
requisite thickness on the middle of a straight piece of 
copper wire, which is then doubled and plaited several 
times to bind the worsted just sufficiently to hold it. 
The trimming is then placed within the siphon-pipe 
and pushed down into a position just clear of the axle, 
whilst the ends of the worsted lie in the oil. 
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This trimming will supply oil as long as there is oil 
in the cup ; and, therefore, when the engine is stopped, 
the trimming should be pulled out of the siphon-pipe, 
and placed on one side in the cup. There are several 
circumstances to be noticed which, in the use of trim- 
mings, operate disadvantageously. 

The trimming may be too tight in the siphon-pipe ; 
the cotton may be choked with tallow; the cotton 
may be wet or worn out. 

Oiling. — The piston-rod packing is exposed to the 
heat of the steam ; and, therefore, it should be lubri- 
cated with tallow, likewise the cylinder and the slide- 
valve spindle. Main bearings, such as those of the 
crank-shaft, the beam-centre, the crank-pin, and the 
excentric-hoop, demand special attention ; for the re- 
newing of such bearings, when destroyed by neglect, 
involves a considerable loss of time and money, to say 
nothing about the vexation. Amongst other points, 
there are the cross-head and guide-rods of the pump, 
which should be swabbed with oil : oil is better for the 
purpose than tallow, and the pump-top may be kept 
clean. The pump-gland requires no lubrication other 
than that which is effected by the passage of water. 

Geared-wheels may be kept cool, and the wear re- 
duced to a minimum, by ULsing a lubricant composed of 
a mixture of black lead and tallow ; which also keeps 
them from making the peculiar squeaking noise, wjiich 
arises from their being allowed to run dry. 

Another thing requiring attention is to see that air 
can enter the siphon-cups. If it cannot, lubrication is 
arrested. By the access of air, atmospheric equilibrium 
is maintained. 

When the boiler and the engine have been thoroughly 
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overliauled, and the enginemaa has satisfied himself 
that there is nothing in the way of the engine or the 
gearing — as blocks of wood thrown about, or waste 
amongst the teeth of geared wheels — ^he should proceed 
to expel the air and condensation- water in the cylinder. 
In a non-condensing engine this is effected by opening 
the cylinder-cocks and admitting a little steam into 
the cylinder until it is warmed and dried. The opera- 
tion is very simple ; but it is not so simple for a con- 
densing engine, and, therefore, we will confine ourselves, 
as the operation is more complicated, to the starting of 
an en&^ine such as requires the most skilful en&:ineman- 
ship. ^The first opLtion is to admit stea^ to the 
jacket which surrounds the cylinder ; the steam warms 
the cylinder, and when it issues sufficiently dry through 
the waste-pipe into the condenser, getting rid of all the 
air and water in the cylinder and steam passages, then 
the blow-through valve may be opened to eject any air 
or water that may be in the condenser. 

If the blow-through valves and the injection- valve 
are closed, the result will be a vacuum, shown on the 
gauge. If not, then the process is repeated until a 
vacuum of 5 inches or 6 inches is obtained. This amount 
of vacuum is ample, and it may be attained without in- 
curring the risk of heating the condenser or the air- 
pump bucket. If the bucket be suddenly expanded by 
heat, it becomes fast, and the result is likely to be a 
bent air-pump rod to begin with. These preliminary 
operations are eflfected by working the hand-lever, 
whilst the excentric-rod is disconnected. 

All going well, the engine is moved roimd a few 
revolutions by hand, by means of the starting or hand- 
lever; or the hand-lever is used to move the slide- 
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lig. 16. — Position of the 
crank at starting. 



valves up and down, to distribute steam on both sides 
of the piston. By this operation the engine is set in 
motion. Great care must be taken that the engine 
does not stop on the centre. With a large engine this 

incident happening is not cre- 

O^^^ ^ yff^ ditable ; nor is it a comfortable 
yy9^ performance to pinch her o£E. 
The crank may be in the posi- 
tion shown in Fig. 16, when 
the end of the excentric-rod 
should be dropped into gear. 
The starting bar should be at 
the same time taken out of 
gear; if not, it may knock a 
man over before he is aware of it. Much care is 
needed at first, especially at starting, to see that the 
engine is not flooded with water. If the injection is 
over done, the air-pump bucket may not be able to 
clear the condenser, and the water rising into the 
cylinder may break the beam in halves. 

To put in a gauge-glass. — ^When a gauge-glass breaks, 
another should be at hand already cut to the required 
length. The length should be such as not to allow 
the glass to interfere in the least, either at top or 
bottom, with the passage into the boiler. The glass 
may be cut with a triangular file. First, wet the file, 
hold the glass tube with the first finger and thumb at 
the place where you wish to cut it ; draw the file 
sharply and lightly two or three times backward and 
forward ; if the file is pressed against the thumb-nail 
of 3'our left hand, the file will be kept on the same place 
on the glass ; the file will mark the glass. Take the 
tube, then, in both hands, the hands being an inch 
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OP two on either side of the scratch, then attempt to 
bend the glass, and it will break across at the file- 
mark, which weakened the tube. Another way : the 
tube may be cut by inserting a small round file, 
or the end of one, within the bore, to the point 
where it requires to be cut, and then scratching it 
all round with the point of the file, keeping the file 
in the hole ; break the piece dfE, by holding the tube 
stiU in the left hand and depressing the right. Hold 
the tube in a cloth, or a piece of waste. Very serious 
accidents have happened by pieces of glass entering 
the fingers. The power of sensation and use of a finger 
have been partially lost by such an accident. After all 
the old packing has been cleaned out of the sockets, 
blow the passages out by steam to clear them of broken 
glass, hemp, or india-rubber, and then put the glass 
into its place, taking care to measure again and see that 
it does not interfere with the passages into the boiler. 
Before inserting the packing a small piece of wood 
should be placed on the top of the glass tube, and held 
down by screwing the top nut round a few times ; this 
will prevent the glass being lifted whilst the top is being 
packed. Accidents of a serious character have hap- 
pened through the glass having being lifted up, when 
packing, so as to lap over the hole into the boiler. 
With the precaution noted above, such an occurrence 
cannot happen. The communications with the boiler 
should be opened gently, so as to warm the glass by 
degrees. If hot water or steam is turned on suddenly, 
the glass will snap by unequal expansion. 

When a glass is burst, the water should be turned off 
first, and then the steam. When your hand is on the 
water-plug, the steam from the upper hole is partially 

L 
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condensed before it reaches your hand. But if yon 
shut off steam first, the escaping water will scald. 

Priming. — ^This is caused by the lateral frictional 
action of the steam against the globules of water, as it 
is forced upwards to the surface of the water, and 
thereby putting in motion and drawing upwards much 
water, which is borne along by the energy and velocity 
of the flowing steam into the pipes and cylinder, just 
as a mass of nut-brown leaves lying under an oak-tree 
are borne along in the current of the passing wind. 
Such is the natural cause of priming. The principal 
occasion of priming is deficiency of steam-space in the 
boiler, and the want of a good head of steam. This defi- 
ciency is not always traceable to faulty construction of 
the boiler, but may arise from mismanagement. Steam- 
space can either be diminished or enlarged by adjusting 
the level of the water within the boiler. When a boiler 
is filled with water there is no steam-space, and its capa- 
biKty for supplying dry steam is practically diminished. 
In such a case the steam -space is limited to the interior 
of the steam-pipes and the steam-chest. If they have 
a cubical capacity sufficient to hold as much steam as 
will fill the cylinder twenty times or more, the evil of 
working with a boiler full of water is proportionately 
diminished, compared with the bad effects of small 
capacity in those parts. Steam-space is required to 
hold sufficient steam, so that in the discharge from 
the boiler to the cylinder the pressure in the former 
shall not fall in any considerable degree, and that the 
steam-gauges shall not exhibit any considerable fluc- 
tuation. Where there is only a short run of steam- 
pipes, the steam-space is absolutely confined to the 
boiler ; and when that is so, as much room as possible 
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fihould be found for the steam above the water. The 
best preventive of priming is a good head of steam. 

The water in the boiler has always a tendency to 
rise with the steam near the opemng for steam to the 
cylinder. This tendency exists in proportion to the 
fluctuation of pressure at each stroke of the piston, 
which is caused by the steam moving from the steam- 
chest into the cylinder, and the steam in the water 
rising to the top receiving a sudden impulse, to take 
the place of that withdrawn to work the engine. This 
impulsive motion signifies collision and confusion in 
the mixture of steam and water. Instead of there 
being a imif orm rising of steam, and a uniform falling 
of water to the hot plates, there is an intermittent 
action — explosive violence alternating with calm in- 
anition. Steam-space prevents this, if due care is taken 
to keep the pressure up. 

Steam, when used to produce power, varies in value 
according to the pressure. The greater or less elas- 
ticity of steam is not the effect of its density alone, 
but also of its expansion by the free caloric, or heat, 
which it contains. 

The pressure in the boiler should be maintained just 
below the blowing-off point, and the throttle- valve 
least opened, so that the steam may be highly elastic, 
for in proportion to its elasticity so is the gain in 
mechanical effect and in economy of fuel ; but when 
the pressure is allowed to drop, the head of steam is 
reduced, and instead of the yalve cutting off at, say, 
one-third of the stroke, it must, in order to keep up 
the speed of the engine and machinery attached, cut 
off at half-stroke, and the fluctuation of pressure 
caused at each stroke increases the ebullitioTL ol ^<^ 
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water near that point of the boiler whence the steam 
is drawn. The ascending currents of steam which 
are disposed to fill the steam space are in most violent 
action, and they by lateral friction lift a large quantity 
of water in the form of spray. Not only so ; when 
the induced current is sensibly felt in the boiler, par- 
ticles of earthy and other foreign matter are carried 
up into the steam-pipes and conveyed into the cylinder, 
where, in conjunction with oil or grease, they cut at 
every stroke into the face of the valve and the cylinder. 
In boilers using dirty water, particular care is required 
to keep plenty of steam waiting for the cylinder ; for if 
the supply is short, and if it is used as soon as it is made, 
it will certainly carry away with it the scum and dirt 
floating on the surface of the water, and the dome, 
pipes, steam-chest, and cylinder-ports will be plastered 
with mud. 

Whatever system may be adopted for holding back 
the particles of water, no system succeeds, where the 
boiler-power is limited, like an internal perforated 
pipe fixed near the top of the boiler, and close to the 
supply-entrance to the cylinder. 

The aggregate sectional area of the perforations in 
the pipe should exceed the sectional area of the pipe. By 
this plan the amount of spray carried off by the steam 
is minimised; and if it do not altogether prevent prim- 
ing, it is an invaluable check upon such violent local 
ebullition as takes place when the steam is drawn from 
one point, and especially if that point is over the 
furnace. Sometimes a dome or super-heater is added, 
for the purpose of preventing priming ; it simply in- 
creases the steam-space. In some cases the steam- 
space is increased with excellent efiect by taking out 
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the top row of tubes, or even two rows ; this improves 
the circulation of the water and free escape of steam, 
and instead of being a loss, by the decrease of heating- 
surface, it becomes a gain. 

No amount of steam-space or of ingenious mechanical 
arrangement will suffice to regulate the action of the 
steam if there be not a thinking head in front of the 
furnace to insure regular firing. Some enginemen can 
work boilers well which others have given up as in- 
curable primers ; but there are enginemen and engine- 
men. 

Now, a boQer is not always in the hands of owners 
who are willing to make alterations ; and therefore an 
engineman who is equal to his work will, with a 
ticklish boiler, conduct the firing with great regu- 
larity. Any boiler can be made sensitive and hard to 
manage. Fire it on no system, feed it with water, 
just as the lead-plug is in danger, and fill it to the 
whistle, and your boiler will one day give a big kick. 
Irregularity of firing is easily prevented where there 
is a will. The smaller the steam-space, the greater the 
regularity that is required. 

The rapidity of the ebullition occasioned by a small 
addition of heat may be witnessed experimentally 
by applying a piece of lighted paper to the bottom 
of a kettle containing boiling water. The heat will be 
rapidly taken up, and the ebullition will become most 
violent even upon so small a scale. 

Ebullition consists in the forcing upwards of particles 
of water by colder particles : a due succession of such 
particles ascending and descending is necessary to take 
up the heat from the heated plates. The sole motive- 
power is the diminished specific gravity of the water 
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in contact with the heated plate. After ebullition has 
taken place for some time, the rising globules of water 
obtain great physical power, and the slightest addition 
of heat over and above that of the surrounding mass, 
causes the water to force its way upwards through that 
mass, thus putting in motion a body of water, the 
motion of which is continued by the induced current 
of steam flowing towards the cylinder. Hence, again, 
priming, caused by an injudicious excess of heat sud- 
denly applied to the furnace crown plate, or tubes. 
Priming sometimes takes place by mixing waters of 
varying specific gravity. If greasy or soapy water is 
introduced into a boiler, the grease, surrounding the 
globules, resists the passage of heat, and they are able 
to retain the spheroidal state until they are heated to a 
much higher temperature than ordinary water requires 
for evaporation. When their evaporation is effected, it 
is done by force, and the steam inside the film of oil 
being, so to speak, overheated, rushes upwards when 
liberated, and meeting greased round globules of water, 
with reduced lateral friction, it puts all into motion, 
right and left, and priming becomes heavy. 

As soon as priming commences all the drain-valves 
about the cylinder should be opened, the engine should 
be slowed down, all the feeds put on, and the furnace- 
doors opened until the water becomes steady in the 
glass. The furnace-door should only be opened in 
extreme cases. 

There are several advantages in a liberal steam-space. 
When the steam-space is large in proportion to the 
volume of steam used in the cylinder — and the propor- 
tion of space should be regulated by this — the pressure 
of steam in the boiler exhibits no considerable fluctua- 
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tion, the pressure of the steam does not perceptibly 
fluctuate, as it is being drawn in intermittent quantities 
to the cylinder. In locomotive boilers, however, it is 
not an uncommon thing to see the needle of the pres- 
sure-gauge working or vibrating upon the joint when 
the steam is being discharged into the exhaust-pipe, 
through the cylinder, as fast as it is possible for the 
boiler to supply it. 

In ample steam-space there is a provision against the 
results of any relaxation in firing, and steam is kept up 
with xnuch 'greater regularity, and without any Lte 
of fuel — ^unnecessary waste. Where the steam-space is 
cramped, the fire is generally urged by a strong draft, 
and the gases in the furnace are consequently hurried 
along the tube, or tubes, before they can part with 
anything like the proportion of heat which they are 
capable of transmitting to the water. The gases 
obtained by chemical combination in the furnace, or 
fire-box, 'part with their heat as they fly along the 
passage to the chimney. They possess a gradually- 
diminishing amount of heat, as they leave from the 
bridge, or tube-plate, until they imite with the open 
air. As they pass each inch of heating-surface, thej'' 
give up a portion of the heat which they have in excess, 
in virtue of the excess of their temperature above that 
of the surrounding plates. But the proportion of heat 
given up depends on the time during which they 
are in contact with the cooler body, the boiler. 



CHAPTER Xn. 

MANAGEMENT OF THE FIRE. 

Coal ; what is it ? Three generations back Erasmus 
Darwin came to the front, and maintained that coal 
was formed out of ancient morasses and forests. Sub- 
sequently, full and accurate information was dispensed 
from the laboratory respecting the chemistry of coal ; 
but the development of the principle on which perfect 
combustion is achieved, belongs to more recent times. 
Coal consists of decayed trees, which lived and grew 
to a hundred feet in height, and even more. From 
this it is justly inferred that this country was once 
favoured with a tropical climate. 

At the feet of these gigantic trees, there grew 
gigantic ferns, and the roots of both were bedded in 
mud, which, in process of time, became mud banks, 
and then mud hills, formed by innumerable tides in 
primitive times. As these banks had once stood high 
and dry, then were buried during a succession of ages, 
so during a succession of ages they were left high and 
dry again. The finding of organic remains at the base 
and the apex of the coal rocks shows that their 
total submersion has taken place since the creation of 
animals. 

The transition from the state of living woody tissue 
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to tte mineral coal, does not admit of doubt, for the 
impressions of the leaves and stems of ferns and trees 
are clearly discernible in numerous instances in coal of 
a stratified character ; but the precise conditions under 
which the decaying woody matter became so largely 
bituminised in its conversion into coal have been but 
imperfectly made out. 

Practically, there is much around us that is intricate 
and mysterious, but much light has of late years been 
shed from out of the laboratory, which has, in more 
ways than one, given us to understand scientifically the 
elements with which we are surrounded, and their in- 
fluence upon each other. 

The chemical union of air with the compound mix- 
ture in coal, as we know it, was at one period an 
association that entered into few men's heads, and 
the conditions of the evolution of light and heat, by 
the contact of gases with each other, were outside the 
pale of popular intelligence. Combustion was for a 
long time held to be the disengagement or development 
of a certain air, supposed to have been contained in all 
combustible bodies, and to which the name of phlogiston 
was given, and those bodies which had undergone 
combustion were said to be dephlogisticated, or to have 
given out their phlogiston. This hypothesis was held 
in the face of facts at variance with it, for it was well 
known that metallic oxides formed by combustion in- 
creased in weight, which could not have been the case 
if combustion consisted in depriving a substance of 
one of its constituents. It was not surprising, then, 
that philosophers differed upon the point, nor strange 
that Lavoisier should have made the brilliant disco- 
very that light and heat could be caused by oxygea 
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at tlie moment of its fixation with a combustible 
body. 

Many elaborate analyses have been made by eminent 
men to ascertain the constituents of coal ; and analysis 
shows that the principal ingredients are carbon and 
hydrogen. There are other minor ingredients : oxygen, 



Fig 17 — Imperfect combustion 

mtrogen sulphur and ash wh ch determme the econo 
mical value of coal for raising steam but without 
detractmg from the specific importance of these elements 
of coal, it may be stated broadly that it consists of 
80 per cent, of carbon and 5 per cent, of hydrogen. 
In the natural state, these elements are united as a 
«olidj but their characters and modes of entering into 
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combustion are very different. The hydrogen is the 
first to take fire, and it burns in a gaseous state ; the 
carbon is combustible in a solid state. 

The appHcation of heat is necessary to start the pro- 
cess, and there is no stage, from the time the fire is 
lighted until it is practically giving out an intense heat, 
that does not depend for its advantageous effect upon 
two cardinal conditions, namely, saturation and tempe- 
rature. 

The natural law is that combustibles become satu- 
rated with oxygen in certain fixed proportions, to 
form certain chemical products of combustion j and 
that can be accomplished only when the right tempera- 
ture prevails. 

On the application of heat to coal, the fire at first 
may be seen to be nearly all smoke; this consists 
mcily of hydrocarbons, in which hydrogen is in com- 
bination with carbon. After the fire is sufficiently 
heated or ignited, or, which is the same thing, when 
the temperature is sufficiently high, and the fire-door is 
shut close, water — the product of combustion of hydro- 
gen with oxygen— coloured with carbon, wiU be found 
in abundance about the furnace. Some persons, wit- 
nessing this natural result, not knowing the true cause, 
have ascribed it to the sweating of the iron. So long 
as the same temperature is maintained, and the same 
amoimt of air admitted, for every ton of coal, half a ton 
of water and more can be formed by this process. 
Now suppose that, by opening the apertures for air, all 
the smoke vanishes, then the hydrogen and the oxygen 
are receiving their proper quantity of air necessary to 
make combustion perfect. The furnace is now higher 
in temperature, and the proportion of air admitted i% 
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greater in quantity, and so the conditions are such as 
are necessary to form carbonic acid. 

Carbonic oxide is formed when combostion is im- 
perfect, and carbonic acid when combustion is 
complete. If the air is de&cient in quantity, large 
volumes of smoke pass away into the chimney. This 



Fig. IS. — Perfect combiutioa. 

smoke contains the diatiUed essences of the fuel, and, 
being heaYily charged, it lounges on its way ; as they 
become cooler in passing through the flues, carbonaceous 
particles lodge there. People who do not know the 
real value of the carbonaceous matter, call it soot ; it is, 
nevertheless, coal wasted. It is just as much coal, as 
iron-filings are iron. When air is supplied to the 
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furnace in sufficient quantity, the combustibles are all 
supplied with oxygen, and theny the carbon, which 
passed away in a state of very fine division as smoke, 
meeting with its amount of oxygen, at a sufficiently 
high temperature, it unites and forms carbonic-acid 
gas. We might call carbonic oxide an extractor of 
heat, and carbonic acid a giver of heat. A mass of 
fresh fuel thrown upon a bright fire extracts its heat, 
for the volatilisation of its gas from that fire, and the 
heat for a time is converted from the sensible to the 
latent state. A large volume of gas being generated, 
more air is required to reconvert the heat from the 
latent to the sensible state. 

No better evidence of the necessity for supplying 
and intimately mixing air with fuel could be given 
than by the numerous plans which have been resorted 
to by smoke-burners. Such are split-bridges, Argand 
furnaces by dozens, air-boxes at the bridge, perforated 
plates at bridge, hot-air at the bridge, and jets of steam. 
Many of these plans are worthless nowy but they mark 
the successive strides in the march towards the attain- 
ment of something better. 

Many of the inventors were on the wrong track, and 
the work of the labourers in this branch of science has 
been comparatively unproductive, because they followed 
the popular fallacy — jumped in fact at the conclusion 
— that smoke, after it had left the furnace, could be 
ignited. Smoke must be prevented from forming as far 
as possible ; but when formed it must be ignited in the 
furnace, or it will surely go up the chimney in the 
same condition. The carbon particles in the vapour of 
the smoke will not unite with the oxygen except at a 
high temperature. By air-boxes and like me^'si^^ ^^l% 
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smoke discharged at the chimney- top was reiduced, but it 
was not because the smoke was consumed. What was done 
was this : The cold air (at 60°) admitted at the bridge, 
on coming in contact with the heat there coming from 
the furnace, was suddenly raised in temperature to 1000°. 
When, in virtue of its increased lightness, the velocity 
of the draught was increased as between the bridge and 
the chimney or atmosphere vastly superior, as between 
the door and the chimney, before the smoke-burner put 
his patent in. The draught was improved by the newly 
formed current of air, whose velocity inducing a better 
quantity of air to enter the furnace at the door and up 
through the bars, produced a better mixture in the 
furnace of the gases ; and the result was an improve- 
ment — ^less smoke, and a better result — hut the smoke 
was not burned, as many thought it was, beyond the 
bridge in the tube. One of the most successfiil plans 
for inducing a current of air to enter the fiimace at 
the door was invented by Mr. D. K. Clark. Jets of 
steam are introduced into the furnace above the door 
in combination with a supply of fresh air from the 
front, and are directed over the fire towards the bridge, 
by which the draught is considerably increased, the 
gaseous elements are thoroughly mixed, and com- 
bustion completed within the furnace. Provision is 
made for adjusting the supply of air. This plan is 
thoroughly eflfective as a smoke preventer. The steam 
jet, it will be seen, is the instrument to draw into 
the fiimace, by induction, the necessary amount of air 
from which the combustibles could obtain the requisite 
quantity of oxygen to eflfect complete combustion of 
the gases within the furnace. 

Orate. — ^As to the best proportions for the grate, 
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they depend upon the rapidity with which steam is 
withdrawn from the boiler; but, although this may 
vary, there is one thing about the furnace that should 
never be neglected ; and that is, that the grate should 
be of a length just sufficient to insure a complete 
mixture of the gases before they pass over the bridge, 
and here the ingenuity of the engineer is required. If 
he finds the fuel is not burned perfectly, notwithstand- 
ing the plan of side-firing — of which more presently 
— he may seek for the cause either in the arrangement 
of the grate, or the management of the draught. 

In many furnaces the grate is too long. With a 
very long grate — say, 6 feet in length — a material 
proportion of the combustible on the bars, especially 
at the back part of the furnace, passes away into the 
flues without having secured the proper quantity of 
air for completing its combustion. This defect arises 
from the fact of the fuel near the door seizing its share 
of the air, and the formation of carbonic-acid gas, 
which, moving forward in the direction of the flues, is 
arrested by the carbonaceous gases loitering in the 
neighbourhood of the back part of the furnace ; and 
the result is, a second portion of carbon is added to the 
carbonic acid, and carbonic oxide is formed. If this 
carbonic oxide cannot find the oxygen required, to- 
gether with the temperature to be reconverted into 
carbonic acid, it passes away necessarily as half-con- 
sumed gas, and rolls away from the top of the chimney 
in a dark cloud of smoke. Then, with an excessive 
length of grate, there is the difficulty of keeping it 
properly covered with fuel at the bridge. For, besides 
the difficulty of properly distributing the fuel at the 
end of a grate of considerable length, th.e ivve\. \svvrLa. 
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away faster near the bridge than at other parts nearer 
to the door. With a shorter grate the fire is managed 
with less difficulty ; the draught also is more nearly 
uniform, and is more active in consequence of the con- 
centration of the current on a grate of less area. 
Hence, also, the combustion is more rapid, and the 
temperature in the furnace is higher, and smoke is 
more eflTectively prevented. 

The fact is, many boilers are worked as hard as 
possible, and economy is out of the question. When 
the supply of air is imperfect, it is strikingly demon- 
strated soon after firing by the volume of smoke dis- 
charged, although the smoke gradually disappears. 
Hence it is that the opening of the door a little to 
admit an additional quantity of air above the fuel im- 
mediately after firing usually prevents to a great extent 
the formation of smoke. 

Can smoke be prevented ? — ^An opinion prevails 
amongst firemen that if by any means, either through 
the bars or through the doorway, air can get into the 
furnace, it will, as a matter of course, arrange itself, 
and mix with the combustibles in a manner suitable 
for perfect combustion. It is a mistaken opinion. 

The prevention of smoke is only efiected when the 
right quantity of air is admitted— no more nor less. 
Were there nothing else required — ^no more attention 
in the use of coal — ^than the combustion of the fixed 
carbon, that is the coke portion of the coal, combustion 
would be easily efiected; but, in the combustion of 
coal, there is the gaseous element to deal with, to be 
generated and consumed. We will suppose ourselves 
at the front of a furnace containing a fire thoroughly 
burnt through, bright and cheery, whilst air is ad- 
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mitted through the fire-bars and above the fire. Now, 
what is in the furnace is as nearly coke as anything 
can be : it is the fixed carbon left behind after all 
the tarry matter has either been consumed or escaped 
as smoke. On a charge of cold coal being thrown into 
the furnace, it extracts heat from the fire, as a matter 
of course, or where would it obtain its heat ? For a 
moment this abstraction of heat by the cold coal re- 
duces the temperature of the furnace, and if the charge 
of fresh fuel is spread over the whole of the fire, it is 
sufficient in some instances to lower the temperature of 
the furnace to such an extent as to cause a boiler to 
leak by sudden contraction of the plates near the fire ; 
and as this contraction is in its direction fore and aft 
of the furnace, it has a tendency to shear the rivet 
heads off and cause a boiler explosion, and if anybody 
examined such a boiler they would consider it was 
imexplainable, or put it down to electricity. Now, 
with the fresh charge a gas-generating process is 
set up, and large quantities of gaseous and inflam- 
mable material are given out, and unless there is an 
equivalent quantity of air allowed by the fireman to 
enter the furnace and chemically combine with them, 
they pass away and create smoke. The fact is, the 
furnace is precisely in the condition to receive air, as 
the relative proportions for complete combustion are 
wanting. What are escaping ? The hydro-carbons, the 
very constituents of the coal which form flame, and 
are being carried away by the gases to be deposited 
on the surfaces with which they come in contact; 
and if the current is sufficiently strong, and the chimney 
not too high, they will ignite on coming in contact 
with the atmosphere, as may be seen in the case of 
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steamers, or locomotives at night. Because these 
gases coiild not find the air they require in the furnace, 
it is seen that, when they meet with it outside, they 
instantly combine with the air and ignite. A skilful 
fireman, with great exactness and calculated punc- 
tuality, after he has put on a fresh charge, regulates 
the air, and by bringing sufficient oxygen in contact 
with the minute particles of carbon ascending in the 
gases, their combustion is eflfected within the furnace, 
and the gases, instead of being coloured black with the 
minute particles of carbon, ascend on their way to the 
atmosphere invisible, and consequently no smoke is 
produced. 

Thickness of the Fire, — ^Along the sides the fire 
should be deeper than in the middle, having a depth 
of from 6 to 8 inches at the sides, and from 3 to 4 
inches at the middle. These depths will be found to 
give good results. Near the brick bridge, the depths 
should be slightly increased, in order partially to meet 
and deflect the current advancing towards the bridge, 
and thus somewhat to force the air into contact with 
the gases. 

Shape of the Fire. — The " pancake " fire is made by 
shovelling the coals all over the grate, and requires no 
skill. So long as there is a bright patch of fire to be 
seen, the shovelling goes on until the light is put out. 
This is a barbarous and wicked practice; barbarous 
because it is behind the times, wicked because it may 
burst a boiler by cooling it too rapidly, and causing an 
enormous amount of contraction about the furnace of a 
dangerous nature. It was found by the use of a 
pyrometer, an instrument necessary for every engine- 
house, that a stiff charge of green-coal would lower 
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the temperature of an ordinary furnace 200° or 300° 
in a very short time. After the coals were well 
ignited the temperature would rise as much as 600°, 
and as the fuel became low the temperature would 
gradually decrease about 250° until the fireman 
charged again, when, as already mentioned, there 
would be another decrease. From this it is easy to 
infer that the variations which take place in all the 
different stages of combustion consequent upon the 
acts of charging, stirring, &c., have a serious influence 
upon the furnace-plates, and also upon the safety of 
the boiler ; and that the sudden contraction caused by 
firing is as liable to cause a boiler explosion as a safety- 
valve jammed down or out of order. There are, pro- 
bably, no fractures of such frequent occurrence as 
those found at the joints of the furnace-plates, and 
these fractures are most common from the holes to the 
edge of the plate in the outside lap. The fracture 
may not be very serious at first, but it gives rise to 
leakage, which is generally the alarm note calling the 
boiler-maker. The mischief is done by local contrac- 
tion in the furnace, and about the bridge. It may be 
stated that expansion opens and contraction closes, but 
if this law is applied to a lap-joint, it will be found, if 
suddenly cooled in an expanded state, that a great 
tensile strain is put upon the outside plate of the lap ; 
the inner plate extends away into the tube, and retains 
much, if not all its working temperature, and the 
result is it resists the contracting and pulling of the 
outer plate, and between them they endeavour to 
liberate themselves by shearing the rivets off; good 
rivets being strong, the rivet-hole is ripped open to the 
edge of the plate, and imder such conditions \\» Ss» 'Ocifc 
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contracting furnace-plate that is damaged, as a matter 
of course, because the temperature of the inner plate 
is comparatively unchanged. However good the boiler- 
work may be, the very best plates are soon rendered 
brittle, and are fractured through the rivet-holes, to the 
imminent danger of everybody, by bad firemanship. 
The pancake-fire is flat throughout, but the thickness 
is generally greatest at the door, and thinnest near the 
bridge : the air by this kind of fire is restricted where 
it should have free access, and where it has access it 
should be shut out. 

The Scoop Fire, — To maintain steam, to consume as 
much smoke as possible, to admit as little cold air as 
possible, and to work coal to the highest point of 
economy, the fire requires to be made and maintained 
through the day to a form resembling a scoop. 

The thinnest part of the fire should be near the 
door, the sides well piled up, and a good thickness of 
fire against the brick arch. A fire of this form is built 
upon the principle that air requires plenty of room to 
enter the furnace and less facility for leaving it, so that 
there may be a proper admixture of the gases, that they 
may be fairly ignited and at the highest temperature 
possible drawn into the tubes. 

Combustion in a furnace thus conducted is more 
perfect than in furnaces worked with pancake fires. 
The mass of incandescent fuel piled against the bridge 
is an effectual barrier against the air rushing into the 
flues comparatively cold, and it is as equally eflectual 
in maintaining an equal temperature about the ring- 
seams. The air, on entering by the furnace door, 
which should be done near the bottom, as in Martin's 
plan, is raised in temperature and expands, by which 
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its volume is increased and its velocity is accelerated. 
To counteract this the fire is tapered, so that the cubical 
capacity of the furnace for air is gradually reduced 
from the door towards the bridge, and therefore the air 
is brought into intimate contact with the gases, and a 
proper admixture is insured. If the mixture has been 
imperfectly performed in the front portion of the furnace, 
a more complete combustion will take place near the 
bridge, in the neighbourhood of the thickest of the fire. 

Mode of Firing. — The greatest saving is eflected by 
side firing and half-end firing, always leaving one side 
perfectly bright. This is the best practical mode for 
accommodating the gases and for properly introducing 
the requisite quantity of air. 

But that is not all ; there are two conditions on which 
complete combustion is dependent — the proper propor- 
tion of combustible gases and air in mixture, and the 
maintenance of temperature. Suppose a furnace-door 
is opened with plenty of burning coal on the bars, the 
steam cannot be kept up. By putting on more coal, 
we are as badly ofi* for steam. The explanation is that 
the gases of the coal and the oxygen of the atmosphere 
combine only at a certain temperature. By side firing, 
the temperature of the furnace is maintained more 
nearly to the required degree than when both sides are 
fired at once. Further, by side firing the intermittent 
expansion and contraction of the plates of the boiler is 
considerably reduced. 

Intervals of Mring, — The intervals between firings 
depend upon the character of the coal, the strength of 
the draught, and the demand for steam. Some kinds 
of coal will not be hurried; if subjected to a sharp 
draught, they fall to slack. Such is anthracite. 
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The best way to procure good firing, free from smoke, 
economical, and to keep down the coal bills, is to 
employ intelligent firemen. 

Numerous plans have been resorted to for the per- 
fect combustion of smoke, and for making steam out of 
the minimum amount of coal, but the best constructed 
invention is annulled unless there is a thinking head 
between the coal heap and the furnace. 

There is required something more than shovelling if 
the principles of combustion are to be followed. If 
they are observed, who suffers ? Not the shovel-man. 
If a man in charge of a furnace is a total stranger to 
the principles affecting combustion, no ingenious me- 
chanical arrangement, no scientific apparatus, can 
supply the deficiency. 

It has been stated that mechanical appliances for 
firing have a tendency to beget lethargy and to convert 
the firemen into machines themselves ; that there is 
no intellectual activity required, and that the vacuity 
in the mind is filled with trash. In support of this 
view, it is said that many excellent and ingenious 
smoke consumers have " gone under " because the men 
would not take to them. If they were asked to give a 
reason, they would spare no trouble in telling you " it 
didn't suit them." There may be some truth in this. 
Some men pride themselves upon possessing an opinion, 
so called, no matter how glaringly it may be opposed 
to facts. 

Qualifications of c good Fireman. — A good fireman is 
guided in his duties by three considerations, namely, 
knowledge of the boiler, knowledge of the coal, and a 
knowledge of the principles of combustion. To set 
down any one general rule for providing an adequate 



A GOOD FIREMAN. 167 

supply of steam would be impossible unless all boilers 
were alike, and coal were of the same quality. A man, 
to bring his knowledge of firing up to the highest 
point of proficiency, to give the best economical results, 
must not only understand how to put coal on, but he 
must know his boilers, that is to say, the capabilities of 
the furnace. 

He must also be a good judge of coal when he sees 
it, and able to tell within reasonable limits what he 
can do with it. There are many kinds of coal. There 
is a bituminous coal; there is a slightly bituminous and 
a semi-bituminous coal; and there is anthracite coal. 
These are distinguished by their appearance, and they 
may be known at a glance by their colour, lustre, and 
cleavage. A bituminous coal, such as cannel, contains 
a deal of tarry matter and other ingredients, which are 
technically known as hydrocarbon. Such coal makes 
much smoke and more ash than other kinds of coal. It 
demands a special degree of skill to work it, and a 
large grate, over which to mix plenty of air with it. 
A slightly bituminous coal, such as Welsh or anthracitic 
coal, contains very little tarry matter and makes but 
little ash. Comparatively speaking, it is smokeless, 
although not literally so, but what smoke it emits is 
clean. Under the influence of heat, the coal assumes 
an appearance which reminds one of a head of cauli- 
flower. "Welsh coal contains a very small amount of 
hydrocarbons, and is therefore the best of steam coals. 
Semi-bituminous coal, such as Derbyshire coal, contains 
hydrocarbons to a considerable degree, but not to such 
an extent as to require more than ordinary attention. 

Those who use steam power at a distance from the 
pit-mouth should use "Welsh coal and semi-bituminous 
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coal in equal proportion, whicli should be mixed prior 
to being used. 

With an entirely smokeless coal, combustion takes 
place with little or no flame, and the heat from the 
incandescent mass on the bars is rapidly absorbed by 
the water in the vicinity of the furnace. 

When a mixture of coal is used, there is a develop- 
ment of gas and flame which the current of the draught 
induces to flash along the tubes and flues, where there 
is an abundance of heating surface ready to take up the 
heat. At any rate, a judicious mixture has a tendency 
to insure a more equal temperature of heat throughout 
the boiler. This is a cardinal point. 

From the above remarks it may be inferred that 
there are four classes of coals, regulated by chemical 
composition, and that those which contain the jnost 
tarry matter, that is to say, having a large per-centage 
of constituent hydrocarbons, make the most smoke. 

What is smoke ? — When we see a beautifully clean 
lamp- globe soiled by a black cloud, we instantly turn 
down the wick a little. The cloud of black smoke, 
either issuing from a globe or a chimney, is the result 
of precisely the same causes. If the lamp is well sup- 
plied with oil and cotton, and there is abundance of 
flame and smoke, the smoke is caused by an insufficiency 
of air to eflfect perfect combustion of the combustible 
matter, oil. 

It may be asked, why does the lowering of the lamp- 
wick slightly make all the difference between a black 
cloud and a white light ? The answer is, the relative 
proportions of combustibles and air are then exactly 
adjusted. 
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The five following tables exhibit the physical results 
of the behaviour of several varieties of coal. The 
degree of attention required is not regulated in all 
cases by their smoky nature, but also by their tendency 
to produce clinker. This tendency can in all cases be 
modified by regulating the draught. 



TABLE L— WELSH COAL. 



Name of Coal. 



Aberdare ^ 

Aberaman 

Anthracite 

Mynydd Newydd . . 
Nixon's Merthyr . . 

Brymbo 

Rock Vein 

Ebbw Vale 

DuflFryn 

Plymouth Works . . 

Neath Abbey 

Vivian- Mirf a 

Abereaim 

Bedwas 

Resolven 

Graigola 

Machen Rock 

Birch Grove 

Cadoxtan 

Pentrepoth 

Llangennech 

Cwm Nanty 

Cwm Frood 

Kock Vawr 

Porth-Mawr 

Pontypool 

Fiery Vein 

Gadby'e Seam .... 
ColeshiU 



Bums. 


Smoke. 


Attention 
required. 


freely 


little 


ordinary 


do. 


do. 


do. 


diflScultly 


none 


careful 


cakes 


much 


much 


diff. 


little 


careful 


quickly 


much 


much 


do. 


do. 


much 


freely 


little; 


careful 


do. 


none 


little 


slowly 


little 


much 


freely 


much 


do. 


cakes 


do. 


do. 


do. 


mod. 


do. 


freely 


Httle 


careful 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


diff. 


none 


Uttle 


do. 


much 


much 


slowly 


little 


do. 


freely 


do. 


little 


do. 


much 


careful 


do. 


little 


little 


do. 


much 


careful 


do. 


do. 


do. 


do. 


Uttle 


little 


slowly 


none 


do. 


freely 


much 


much 



How 
to fire. 



Httle & 
often 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 



Draught 
required. 



ordinary 

quick 

quick 

ordinary 

quick 

moderate 

do. 
ordinary 

do. 
quick 
ordinary 
brisk 

do. 
ordinary 

do. 

do. 

do. 
brisk 
ordinary 
brisk 

do. 
ordinary 

do. 

do. 

do. 

do. 

do. 
strong 
ordinary 
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TABLE 2.— DERBYSHIRE COAL. 



Name of Coal. Bums. • Bmoke. 

1 1 


Attention 
required. 


How 
to fire. 


Draiurht 
requixed. 


j Butterly Co. 

Longly 

Butterly Co. 

Portland 

Loscoo Soft 

Loscoe Hard 

Staveley 

Elsocar 

Fitzwilliam 

Elsocar 

Iloyland & Co. . . 


freely 

freely 
freely for 
1 a timo 
freely for 

a time 
freely 

do. 

do. 


much 

do. 
do. 

do. 

do. 

do. 

do. 


careful 

do. 
constant 

do. 
ordinary 
constant 

do. 


Httle& 
often 
do. 
do. 

do. 

do. 

do. 

do. 


ordinary 

brisk 
ordinary 

do. 

do. 

brisk 

do. 



TABLE 3.— NEWCASTLE COAL. 




Willington , 



Tawfield 

Bowden Close .... 

Haswell Wallsond . . 

Newcastle Hartley.. 

Hedley ditto 

Buddie's West Hart- 
Icy 

Carr's Hartley .... 

Davison's West 
Hartley 

Derwentwater Hart- 
ley 

Original Hartley . . 

Haswell Coal Com- 
pany, Wallsend.. 



Tlnma 


Smolcp 


Attention 


How 


Draught 






required. 


to fire. 


required. 


cakes 


much 


constant 


Httle & 
often 


brisk 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


difficultly 


do. 


careful 


do. 


strong 


freely 


Httle 


Httle 


do. 


ordinary 


do. 


do. 


do. 


do. 


do. 


do. 


much 


careful 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


rapid 


do. 


constant 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


freely for 


do. 


do. 


do. 


do. 


a time. 
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TABLE 4.- 


-SCOTCH COAL. 






Name of Coal. 


Boms. 


Smoke. 


Attention 
required. 


How 
to fire. 


Draught 
required. 


Elgin WaUsend . . 

WeUwood 

Dalkeith Coronation 
Kilmarnock She- 

vington 

Fordel Splint 

Grangemouth , . . . 
T<JjrliT>ton ........... 


freely 

do. 
do. 

do. 

do. 

do. 
rapid 
freely 


much 

do. 
Httle 

much 
do. 
Httle 
much 
Httle 


careful 

do. 
ordinary 

careful 

do. 
ordinary 
careful 
ordinary 


Httle & 
often 
do. 
do. 

do. 
do. 
do. 
do. 
do. 


ordinary 

do. 
do. 

• do. 
do. 
do. 
do. 
do. 


Dalkeith Jewel .... 



TABLE 6.— LANCASHTEE COAL. 



Name of Coal. 



Balcarres Arley . . . . 

Blackley Hurst .... 
Johnston's and 

Worthington's .. 
Haydock Little Delf 
Ince HaU Pem- 

berton 4-ft 

Caldwell and 

Thompson's 

Wigan 4-ft 

King 

Cannel (Wigan) . . 
Blackbrook Rushy 

Park 

Balcarres (Lindsay) 

Balcarres Haigh 
Yard 

Caldwell and 
Tompson Rushy 
Park 

Haydock Higher 
Florida 



Haydock Florida 
Vein 

Haydock Rushy 
Park 

Balcarres 5-ft 



Bums. 



freely 

do. 

do.' 
do. 

do. 

do. 
rapidly 

do. 
freely 

do. 
freely for 
a time 

steadily 

freely 

freely for 
a time 

do. 

do. 
freely 



Smoke. 



much 

do. 

do. 
do. 

do. 

do. 
do. 
do. 
do. 

Httle 
much 

do. 

do. 
do. 

do. 

do. 
do. 



Attention 
required. 



careful 

do. 

do. 
do. 

do. 

do. 
constant 

do. 
careful 

ordinary 
careful 

do. 

do. 
do. 



do. 

do. 
do. 



How 
to fire. 



Httle & 
often 
do. 

do. 
do. 

do. 

do. 
do. 
do. 
do. 

do. 
do. 



do. 



do. 
do. 



do. 

do. 
do. 



Draught 
required. 



Ordinary 

do. 

do. 
do. 

do. 

do. 

do. 
brisk 
ordinary 

do. 
quick 



ordinary 



do. 
do. 



do. 

do. 
do. 
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The varieties of coal are very numerous, and there- 
fore it cannot be expected that all coals can be treated 
alike. The differences of composition may be but 
slight, and still a slight difference may suffice to give a 
coal a favourable character in the eyes of the fireman, 
who may prize it because it requires the least attention. 

The popular opinion is that Welsh coal is the best 
for placing at the engine-house door for a fireman to 
run at. Why ? Because the burning of the carbon 
is not as difficult a matter as knowing how to manage 
the hydrogen. To this difficulty much of the compli- 
cation attending the use of smoky coal may be attri- 
buted. We will now endeavour to point out how the 
hydrogen should be managed ; but before doing so it 
is well to explain that Welsh coals contain the least 
proportion of hydrogen, and that the Scotch coals 
contain the most hydrogen. The former is called 
smokeless, which is scarcely the case ; and the latter 
are called smoky in a superlative degree. From this 
it is readily inferred that hydrogen in excess produces 
smoke. Dealing first of all with anthracite, we observe 
from the table of Welsh coals that it is difficult to 
burn, and requires careful attention, with a quick 
draught. This coal is very dense, or stone-like ; and, 
if sufficient air can be brought in contact with it, it 
gives out an intense heat, without flame and without 
smoke. Now, being dense, the atoms lie close together ; 
they are packed, so to speak, into small compass ; and 
being so close together there are more of them in a 
cubic foot than there are in, say, a cubic foot of Aber- 
dare coal. It must be observed that each atom of 
carbon requires a specific quantity of air for its perfect 
combustion, and therefore anthracite requires a quick 
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draught, which means plenty of air. This coal is not 
much used for raising steam in this country. 

The Aberdare coal, which is extensively used on rail- 
ways, is almost smokeless, and it is not so dense as 
anthracite, and therefore it burns more freely. There 
are fewer atoms per cubic foot of coal, and therefore 
less air is required per cubic foot. This coal requires 
less attention. The air can cleave its way into it, 
which causes it to swell and open out. The air can get 
into contact with it, supplying to each atom its equi- 
valent of oxygen. There being very little hydrogen 
present to "pickup" the air, perfect combustion is 
nearly attained. At all events, a strong heat is given 
out as the result of the proper admixture of air and 
carbon. This coal is usually said to be smokeless, but 
most of the best qualities emit a light vapoury smoke. 
It does not bear rough usage, and it crumbles rapidly 
after long exposure to the atmosphere. This circum- 
stance, together with the loss, in some descriptions, by 
falling through the fire-bars in consequence of its 
falling to pieces by the heat, renders it prudent to mix 
with Aberdare coal a harder kind of coal, such as 
Longly or Derbyshire. 

Let us now examine another Welsh coal which 
smokes, namely, Mynydd Newydd. This coal not only 
smokes, but it cakes, and this is caused by its contain- 
ing more hydrogen than Aberdare, more constituent 
oxygen, and more sulphur. These elements in excess 
are suflScient to produce marked effects on its physical 
character. Let us bear in mind that the hydrogen is 
the chief element which causes smoke, and that when 
in the furnace we have no control over it, but that wo 
have control over the air, and we can also have at our 
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command a quantity of carbon in an incandescent state 
on the bars^ from which all the hydrogen has been 
expelled^ and has been consumed, or has escaped up 
the chimney. Let us also remember that every atom 
in the furnace requires so much air, and that the air- 
spaces between the fire-bars, and the holes or slots in 
the fire-door, can only admit a certain quantity. If, 
then, to make this plain, we have, for instance, 12 
atoms of carbon and 12 atoms of hydrogen in the 
furnace, and we only admit sufficient air for 20 of 
them, the hydrogen will seize 12 and the carbon will 
be left with 8, and smoke will be the result as the 
hydrogen becomes consumed. When there are 12 
of carbon and 8 of hydrogen the air is sufficient, and 
combustion is stated to be perfect. The coals are then 
consumed, but when the coals cake it is a sure sign 
that the air has only been sufficient to "melt'* them 
together, and not sufficient to consume them ; and no 
one will deny for a moment that air is capable of con- 
suming all kinds of coal, and therefore a caking coal can 
be burned as well as melted. To do so, there must be a 
good body of clear fuel on the grate, and there must be 
a limited quantity of fuel added at a time, so as not to 
choke the draught. In dealing with caking coal there 
must be a brisk draught to mix with the pasty mate- 
rials, to reduce them to the consistency of dry coal, 
then the coal can be consumed with good results. It 
may be mentioned here that, when caking coal is 
supplied to a locomotive, the usual remedy applied by 
the driver is to keep it " on the dance,'' which simply 
means working with a brisk draught. In this case, as 
in all others, the depth of the fire varies with the 
demand for steam. It may be stated that, when coal 
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cakes, it is piled on too deep, and there is a deficiency 
of air. 

"We will now pass on to another class of coal — Derby- 
shire — ^which differs from many others in its excess of 
constituent oxygen, with a percentage of hydrogen 
very slightly greater than that contained in Welsh coals. 
These differences have a great influence on economical 
results. This coal is also inferior in carbon compared 
with "Welsh and Newcastle, but is superior to Lanca- 
shire. The element of hydrogen in Derbyshire coal 
loses a portion of its value owing to the fuel containing 
an excess of oxygen, and the more oxygen a fuel con- 
tains the less power it has to make steam. 

When oxygen is present as a constituent of coal, it 
is saturated with hydrogen and is converted into 
aqueous vapour, and rises in this form from the fuel- 
bed without having passed through the heat-giving 
process of chemical combination in the gaseous form. 
Some enginemen are in the habit of watering these 
coals, and they find it improves them. To simply wet 
the surface of a heap of large coals would produce no 
perceptible effect, as they are too hard to absorb water ; 
but when they are broken up a vastly increased surface 
is exposed, and certainly more water is utilised. But 
the gain lies more in the quantity of water picked up 
at the bottom of the heap, when firing, by the shovel. 

A smoky furnace or fire-box can be cured for a very 
short time by sprinkling water into it with a brush or 
scooping it in with a shovel. This effect is no doubt 
well known, and we may at once explain the cause. 
Water consists of one volume of oxygen and two 
volumes of hydrogen ; or one part by weight of hydro- 
gen and eight parts of oxygen. One pound of hydrogen 
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is worth five times a pound of carbon. If, then, we 
apply water to an open-burning coal, the water is de- 
composed ; or, what is the same, the hydrogen leaves 
the oxygen and aids the evaporative power of the fuel. 
Many enginemen will remember that they used to 
water coke to make it burn better or last longer ; now, 
coke is nearly all carbon, and it generates great heat. 
Hydrogen is a gas, and for equal weights, as already 
mentioned, it gives more heat than carbon. Much of 
the apparent complication of the process of combustion 
vanishes when it is borne in mind that carbon and 
hydrogen burn and oxygen does not. 

From what has been stated, the more hydrogenous 
the fuel the greater is its heating power, and in dealing 
with Derbyshire coal it should be broken into pieces 
and well watered, as the water is of more value than an 
equal weight of either coal or coke. 

It is impossible to give a standard depth of firing for 
any coal, or even for the same coal ; for when "Welsh 
coal is small it restricts the passage for air, especially 
when the draught is moderate. As the chemical action 
between fuel and oxygen can only take place when the 
two are in intimate contact, the rapidity and complete- 
ness of combustion and intensity of heat will be in- 
creased by increasing the number of points of contact 
or by reducing the size of the pieces of coal. This 
brings us face to face with the fact that coal should be 
used in very small pieces, even as dust, or, better still, 
as gas, in order to obtain the maximum value. Now 
this is impossible in practice in ordinary furnaces, and 
the next best thing to do is what is possible, namely, 
to reduce the coal to a reasonably small size, and small 
depth of fire, in order to obtain intimate contact. Each 
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atom of coal only takes up its equivalent quantity of 
air to consume it, and no more, and therefore the depth 
of the fire must he regulated hy the rate of admission 
of air, and this will depend upon the quantity of coal 
as well as the size of it, upon the ratio of grate-area 
to effective heating surface ; and also upon the demand 
for steam. Most of the coals in the Newcastle district 
yield a large percentage of hydrogen or gas, and they 
need an excess of air for combustion. As this gas is 
on the top of the fire, it follows that the air for it must 
be supplied above, from •the doorway. By careful 
firing, and by admitting a sufficient quantity of fresh 
air direct to the gas, this kind of coal can be burnt 
without smoke. When coals melt together it is proved 
that the draught through the bars requires to be in- 
creased or the thickness of the fire to be reduced. 
The reduction of caking is owing to the rapidity with 
which the coal is burned. Intensity of combustion 
has the effect of maintaining an igniting temperature, 
whereas if the same amount of fuel is burned slowly, 
its heat may not be high enough to ignite the gases as 
they are produced, and hence the coal runs together. 
The Scotch coals contain more hydrogen than the New- 
castle coals, and they contain a very large percentage 
of oxygen, like the Derbyshire coal. This raises the 
hydrogen from the fuel-bed and prevents caking, and 
therefore these coals are very smoky indeed. On the 
control of the supply of air depends all that human 
skill can do in effecting perfect combustion and economy. 
Unless the supply of fuel and the quantity in the bars 
is regulated, it is impossible to get sufficient air into the 
furnace to complete combustion. 

The Lancashire coals bum very freely, with much 

N 
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smoke, as they come next in order for hydrogen com- 
pared with Scotch coal. These coals contain the least 
carbon of any, and they also contain a large amount of 
oxygen. From the fact of the Lancashire coals being 
poor in carbon, the fire requires to be made as^deep as 
possible ; and, as they contain plenty of hydrogen, the 
air above the coals will have to be supplied in sufficient 
quantities to supply the gas with oxygen. The reason 
why plenty of coals must be piled upon the bars is 
that before the gas is expelled from the fresh coals they 
must be heated to a temperature about 1,200 degrees, 
and this heat will be abstracted from the glowing 
carbon. To consume the requisite quantity of carbon 
from poor coal it is necessary to have a larger bed of 
coals on the bars compared with a coal containing 
plenty of carbon, such as Welsh, in order to obtain 
sufficient heat to raise the gas to the required tempera- 
ture without checking the steam. Suppose that 100 
pounds of coal, at a temperature of 50 degrees, be put 
on a fire, it would absorb 23,000 units of heat before 
the gas is expelled, and therefore the more heat we 
have for raising the gas the better for the furnace and 
for the steam. If we can spare the heat without affect- 
ing the steam it is only reasonable to suppose we have 
plenty of it, and that means plenty of carbon. In 
dealing with coal resort must be had to a kind of 
private experiment, and an engineer should avail him- 
self of this privilege of trying to burn coals with the 
utmost economy by altering the draught and the depth 
of the fire in order to suit different classes of coal. To 
burn slack, which is the most difficult of all fuels to 
burn without smoke, the only means is to keep up an 
almost continuous fire of small charges. With all coals. 
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no harm can arise by making up a fire at the com- 
mencement and submitting it to a moderate draught, 
which is coking the coal, in order to get a firm founda- 
tion of coke, upon which a moderate amount of coal at 
each firing can be thrown. To avoid clinker is, in 
many instances, impossible, owing to the demand for 
steam, as a rapid draught is associated with these fire- 
eaters. If a fire is made up with clinkery coal in a 
house, it does not produce clinker ; or, if it is allowed 
to burn in a furnace with a very moderate draught, 
clinker is not produced. Even with Aberdare coal, on 
the contrary, with a strong draught, clinker is consi- 
derable. Li conclusion, Welsh coal requires very little 
air above the fuel ; and all the other coals require 
plenty of air admitted at the doorway. Welsh and 
Derbyshire coal, being poor in hydrogen, are improved 
by wetting, and all the others, having an excess of 
hydrogen, do not require wetting to improve their 
heating power. 

Gas coke, now much used in towns, is coal somewhat 
purified ; but so far as the shape of the fire is concerned 
it can be treated as coal, and it is improved by wetting. 
It is easily managed and is comparatively smokeless. 

In concluding this chapter it will be well to mention 
that a lamentable waste of good fuel is constantly going 
on for the want of a very simple arrangement in the 
ash-pit. Owing to defective fire-bars, some too short 
at first and others burned short, with wide gaps be- 
tween them, a considerable quantity of unbumed coal 
drops through them into the ash-pit and is wheeled 
away with the ashes or dust. To avoid this waste some 
employers provide the fireman with a screen, and in 
process of time a tolerably large heap of savings is the 
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result. This process of screening diverts the fireman's 
attention from his duties^ and now and again he allows 
the steam to go down. Now, instead of this mode of 
effecting a saving, it wotdd be better to place another 
grate, or it will be better understood if we say at once — 
Why not put a screen in the ash-pit with a dead plate 
at the back, from which the fireman can shovel the 
unburned coal and put it into the furnace at once? 
This, then, would leave nothing but the ashes to clear 
away and save time. The screen could be made so as 
to be drawn in and out of the ash-pit, and placed suffici- 
ently low, so as not to impede the draught. Then, again, 
we do not burn so much clinker over again as is possible 
and beneficial both for the draught and for the protection 
of the fire-bars. The clinkers should be mixed with 
the coals and shovelled on with them, and the result 
will be a better and hotter fire with them than can be ob- 
tained without them. They keep the coals apart and 
make openings for the air to enter the fire. They are 
especially valuable with small coals; for they will 
not form clinker again, and they materially assist in 
preventing; other clinkers from forming. 



CHAPTER XIII. 

MANAGEMENT OF THE FEED-WATER AND OF 

BOILER FEEDERS. 

The maintenance of steam depends to a considerable 
extent upon the manner in which the boiler is fed with 
water. The aim should be, as far as possible, to regu- 
late the supply to the demand — ^just sufficient to keep 
the water at one level in the gauge-glass. By doing 
so, an even temperature may be maintained within the 
boiler, which may be the means of prolonging its life, 
as an irregular temperature shortens it. There are 
various opinions as to the benefits derived by heating 
the feed- water by the exhaust steam ; but opinions are 
unanimous that the feed-water should be heated before 
it enters into the boiler. At the best of times feed- 
water can only be heated to 212°, and even at that 
temperature there is a considerable difierence between 
the temperature of the feed-water and that of the 
boiler. 

The objections advanced against heating feed- water 
Dy injecting the exhaust- steam into it, are founded 
upon the fact of grease having been found upon the 
surface of a burnt boiler-plate. To the deposition of 
such grease, in conjunction with carbonate of lime, the 
burning of boilers is attributed. There can be no 
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question that a thin film of grease combining with 
carbonate of lime, a floury deposit, prevents the contact 
of water with the hot plate, just as surely as grease pre- 
vents a revolving axle from touching the journal or 
brass. Besides, the presence of grease increases the 
tendency of many boilers to prime, and hinders the 
circulation of the water, by forming, with mud and 
other matters, an insoluble soap, and thus causes no end 
of trouble. It searches out every particle of carbonate 
of lime, priming is set going, and out goes the cylinder 
end before the engineman is aware of it. The danger 
of using grease need not be dwelt upon, but the danger 
lies in the abuse of grease. When used in such in- 
finitesimal quantities as are to be found in the feed- 
water when heated by the injection of a portion of the 
exhaust steam, it sometimes only has the effect of 
detaching scale from the plates. 

There is an objection to heating the feed-water, 
either by injection or by passing it through a coil of 
pipes in water, in the precipitation of lime salts in 
the feed-pipes, which become choked. The piunp in 
consequence becomes disabled. The feed-water, con- 
taining bicarbonate of lime in solution when cold, 
precipitates when heated the greater portion of the lime 
salts. The lime is left behind, or is left spread .over the 
interior surface of the supply pipes between the cistern 
and the boiler. We must be prepared to attack and 
remove the lime before any disadvantage or inconveni- 
ence is suffered. 

In practice, there are almost as many points for 
introducing the feed as there are boilers. In Corn- 
ish and Lancashire boilers, the feed is delivered very 
frequently near the bottom of the boiler, which is 
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the coolest part of the boiler. It was for a long time 
maintained that such was the proper place for the 
admission of the feed^ to obtain the maximum evapora- 
tive efficiency. It was this consideration by which the 
earlier locomotive builders were led to introduce the 
feed by the side of the fire-box, even when cold ; but, 
when the feed-water is not heated, such practice would 
never be tolerated in these enlightened days. Many 
boilers are fed at a level just below the fire-line, and 
the water, instead of being concentrated at a single 
point, is received from the feed-pipe by a perforated 
pipe or trough inside the boner, by which it is dis- 
tributed in the best manner so as to avoid extremes and 
to conduce to steady steaming. When the feed-water is 
naturally bad, containing impurities of a mechanical or 
a chemical nature, the influence of the impurities may, 
by continual watching, be detected in the boiler, steam- 
pipe, and cylinder. Should the water prove refractory 
in the boiler, and have a deteriorating action, the only 
remedy is to dilute it with the condensed water from 
the engine as much as possible, and by means of the 
scum-cock to clear the surface of the water in the boiler 
several times a day. 

Now, as regards the saving of fuel by heating the 
feed- water,* if we take a boiler working to a pressure of 
40 lbs. per square inch above the atmosphere, with 
feed-water at 60° — the normal temperature — the total 
heat absorbed in the formation of steam of 25 lbs. 
efEective pressure from cold water would be (1201*0° — 
60°) = 1141-0°. But, if the feed- water be heated to 
and supplied at 212°, the heat absorbed would amount 

♦ A Treatise on Steam Boilers, by Robert Wilson. Fifth Edition, 
1879. Crosby Lockwood & Co. 
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only to (1201°-.212)=989-0°, which shows a gain of 
152°, or 12i per cent. 

Although a large measure of heat is economised and 
returned to a boiler in the course of a day by heating 
the feed-water, it must not be considered to be the sole 
element of good thereby efEected. There are others, 
such as a diminution of intermittent expansion and 
contraction, purification of water, and constancy in 
steaming. 

Feeders. — The necessity of great attention being paid 
to the perfection in principle, manufacture, and action 
of the pump for boiler feeding is obvious. The sink- 
ing of the water below its proper level in the boiler 
has not only caused many explosions, but it has also 
produced a considerable amount of inconvenience in a 
factory by causing the fires to be drawn, through a 
defective pump. It is not an uncommon occurrence 
for a lot of men who are working machines to be 
thrown idle for an hour because the engineman could 
not get any water into the boiler. In modern times, 
with so many feeders, such an accident should not 
happen. But then it does happen, and nine times out 
of ten it happens with the old apparatus — a pump. We 
may notice some of its faults. 

The plunger, or piston, the valves, and the barrel 
may be faulty to begin with. The plunger may have 
been badly turned, and may not be truly cylindrical ; 
the stuffing-boxes too large, they may be badly 
packed, or the pump-barrel may have been carelessly 
and unequally bored. The piston-pump is sometimes 
badly leathered, allowing air to enter, which destroys 
its efficiency. 

The valves may be faulty in consequence of not 
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having been made of hard metal ; they may be too 
small for passing hot water, and may have too much 
lift; they may be liable to wedge themselves and 
stick fast ; they may have been formed with too much 
taper ; the surface of contact may be too broad or too 
narrow ; the valves may not be provided with proper 
means of access for repair or removal. These defects 
require to be constantly watched. There are a few 
other occasional deficiencies. Sometimes the suction- 
pipe is so placed that it may fail to act when the 
water is low in the well, and half a day may be lost 
in examining valves, &c. By the time these have 
been taken out and cleaned, and the obnoxious morsel 
of dirt found in the pump, the water in the well has 
risen, and when the fires are relighted and the engine 
set to work, the necessary quantity of water has been 
collected. 

Again : when the water is known to be full of 
foreign matter — as straw, chips, sand, sawdust — it 
often happens that the engine attendant does not 
take any precaution to prevent its entering the pump 
with the water by the intervention of a strainer. In 
districts where the water requires to be strained, the 
strainer should not be fixed close to the suction-pipe, 
as this would interfere with its action, but it should be 
placed at a distance in a convenient position to form a 
division in the cistern or reservoir from which the 
pump is supplied, so that the impurities may be easily 
collected as required, and removed from the water. 

The division may be made of fine wire, and so 
arranged as to divide the water into two unequal 
parts, into the smaller of which the water supply is 
delivered, and from the larger of which the pump is 
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supplied. The cistern must be covered in to keep 
the water free from objects that might be thrown 
into it. 

The most ancient pump with which we are acquainted 
is that of Ctesibus. It was a force-pump which was 
used before the nature of a vacuum was understood, 
and therefore was in existence before the suction-pump. 

A force-pump acts by pressure ; a suction-pump by 
exhaustion. 

In the ancient force-pump the water was brought 
into the body of the pump by gravitation, and it was 
forced out by a piston-plunger to any suitable eleva- 
tion. The only valve was a stop or foot-valve to 
prevent the water, on the descent of the piston, from 
returning to the source of the supply. The water, 
therefore, found an exit in some other direction. The 
quantity of water obtained at each stroke would be 
equal to a column having the diameter of the piston 
and length of its stroke. This was a very simple 
pump ; but when the water was required to be lifted 
above the pump, say through a vertical pipe, it is 
clear that on the piston making the out-door stroke, 
water would follow it and occupy the vacant space in 
the barrel more or less. If suflScient water followed 
the piston to completely fill the space left by it, then 
no useful work could have been performed, no water 
delivered. If the space in the barrel was half filled by 
returning water, then a useful effect equal to half the 
whole work done would have been secured, so that for a 
long time the lift of the water above the pump could 
have been only so far attained as the cubical capacity 
of the delivery-pipe was less than the cubical capacity 
of the barrel of the pump. Following this imperfect 
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condition of things, new wants required new improve- 
ments, and the next tiling was the insertion of a 
head- valve, above the pump, in the delivery-pipe, so 
that the water was prevented from returning on the 
piston. The valve was made to open from the pump, 
and with a foot- valve and a head- valve, the arrange- 
ment was complete as for a force-pump. At this early 
period atmospheric pressure was not thought of for 
forcing water into a vacuimi. 

When the pimip was put to work, water very soon 
began to flow, and the pump was said to lift the water, 
though why it should be able to do such a thing no one 
could explain. When the water is below the pimip, 
the air is pumped off the top of the water, and is forced 
like water into the delivery-pipe ; then the water rises 
into the pump. We will examine into the cause of 
the water rising in this manner, as hundreds of people 
have still a belief that the pump lifts it. The ancients 
could not explain it otherwise than by declaring that 
the cause was that " nature abhorred a vacuum." 

For the real explanation we are indebted to Galileo 
and his pupil Torricelli. 

The former philosopher taught that air had weight ; 
the latter showed, by incontrovertible experiment, that 
the rise of fluids in pumps was owing to the pressure 
which his master was expounding to the brother 
philosophers of his day. These truths became the chief 
scientific questions of the hour, and they are at this 
day of great practical interest in the art of engi- 
neering. 

Torricelli constructed a barometer, and he demon- 
strated that the pressure of the air on the surface of 
the water would raise the water from the well to the 
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pump-valvo, provided that the distance did not exceed 
34 feet, and that the air was all pumped out of the 
suction-pipe. The weight of the atmosphere on the 
ground is due to the superincumbent mass of air above, 
which is estimated by some to be not less than fifty 
miles high. This mass weighs 14*7 lbs., or nearly 
15 lbs. per square inch of horizontal surface at the 
level of the sea, and the air, in virtue of its elasticity, 
exerts the same pressure in all directions on bodies 
which are exposed to it. Having made this explana- 
tion, we may now proceed to consider the action of the 
suction'-pumip, or the pump which is commonly stated 
to lift water. 

A common back-door pump is one of this class — 
suction — and as every one is familiar with its efiects, 
we may safely select it to assist us in our endeavours to 
inform young enginemen why it is called a lift-pump. 

The common suction-pipe is fitted with what is 
called a bucket, being, in fact, a piston with a valve 
fitted to it opening from the water, which may be 20 
feet below it. Below this valve there is another valve, 
opening from the water like the bucket- valve. When 
the pump-handle is lifted high, the bucket is lowered 
so that it almost then touches the lower valve, and 
when the handle is lowered, the bucket is lifted and it 
is placed at some distance from the lower valve, some- 
times not more than six inches. But, as already stated, 
the water may be 20 feet lower, or more. The limit 
with a good pump is 30 feet. When the pump is not 
in action it is full of air in the interior of the barrel, 
and down the suction-pipe. There is air also on the 
surface of the water in the well. The pressure of the 
air within and that of the air without the pump 
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balance eacli other. Now, suppose we raise the pump- 
handle and bring the valves together, and then com- 
mence to pump. Upon elevating or raising the bucket, 
the air above it keeps the valve down, because it opens 
only from the inside ; and, therefore, when the stroke 
is completed, the space between the valves is empty, 
being a vacuum, and it would remain so were it not 
that the air underneath the bottom valve gently in- 
sinuates itself past the valve and takes possession of 
the vacant space. As soon as the bucket is lowered, 
the air immediately under it is compressed. The 
bottom valve is thus closed, and the bucket- valve is 
opened, when the air escapes through the spout. 
Another up-stroke is made, in consequence of which 
the upper valve is closed, and another vacancy is 
formed. Air again enters this place, and it is pumped 
out as before. 

It follows, then, that at every stroke the air within 
the pump is rarefied and its elasticity is diminished, 
and its presence is gradually got rid of inside the 
pump from the surface of the water in the suction-pipe 
to the underside of the bucket- valve. Thus far the 
pump has acted simply as an air-pump. 

Now, having exhausted or sucked all the air out, 
there is, as between the interior and the exterior of 
the pump, unbalanced atmospheric pressure, and by the 
preponderating pressure of the air in the well outside 
the pump, the water is forced up the suction-pipe and 
through the bottom valve into the body of the pump, 
occupying the space between the two valves. The 
pump is then said to be charged. When the water is 
pressed by the lowering of the bucket there are two 
effects — one is to close the bottom valve, the other is 
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to open tlie top one, througli which the water passes 
as the bucket is lowered ; and when the two valves are 
brought close together, all the water is obviously now 
above the bucket- valve. The instant that we attempt 
to lift the bucket, the weight of the water closes its 
valve ; and, therefore, by raising the bucket the water 
is lifted to the spout, through which it is discharged. 
Thus the pump is said to be a lifk-pump. As the 
bucket is lifted, with its weight of water above, water 
is at the same time entering into the pump under the 
bucket to occupy the vacant space formed by it in its 
ascent. 

This pump, the common suction-pump, operates by 
the formation of a vacuum within the working barrel ; 
and it is incapable of raising water from a level more 
than 34 feet deep. But water may be delivered at 
great distances by employing valves and air-vessels, as 
in the case of waterworks, so that a pump may be so 
constructed as to draw the water by suction, and force 
it to any required height. Such is the principle of the 
pump, worked either by manual or mechanical power. 
There are bucket-pumps, piston-pumps, and plunger- 
pumps. 

A bucket-pump is a single-acting pump : the bucket 
being a piston with a valve fitted to it in the centre 
which closes on the up-stroke and opens on the down- 
stroke, lifting a quantity of water equal to only the 
capacity of the pump in one revolution of the engine. 
It is fitted with foot and head valves. Such a pump 
we have just considered. 

The piston-pump is either single-acting or double- 
acting. It is fitted with suction- valves and delivery - 
valves in juxtaposition with the working barrel. 
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The plunger air-pump is a double-acting pump, 
arranged like the bucket air-pump, except that there 
are no head- valves, and that the bucket-rod is fitted 
with a large plunger. The effect of this is that, 
whereas the ordinary bucket air-pump discharges only 
with the up-stroke, the plunger air-pump, owing to 
the displacement caused by the bulk of the plunger, 
discharges on the down-stroke as well. 

Injector. — Since the injector was invented by Gif- 
f ard, and brought into practice, it has generally done 
its work satisfactorily, and at a small cost for feed- 
ing the boiler. 

It was a great novelty when first introduced, and 
it very soon became a favourite with railway engine- 
men ; and the cause is not far to seek. It could be 
used either when the engine was disabled, or when the 
train was put into a siding. It was a friend in need 
under trying circumstances, such as are common upon a 
railway, when a pump could not afford the same help. 
I refer to train-engines that are delayed upon the 
main Kne or on branch lines by an accident in front. 
It used to be a very common practice under such cir- 
cumstances to draw the fire in order to save the boiler. 
To do so in these days would be to degenerate to the 
old style. At a small expense, an injector can be 
provided and attached to every engine, and in every 
engine-house. 

Probably no invention was ever placed in the hands 
of enginemen that they knew so little about, and which 
they were yet able to work efficiently. Not one 
engineman in five hundred can explain the action by 
which the instrument delivers water into the same 
boiler as that from which It is supplied with steam. 
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tig IB— Giffird a Injector 



It has formed the 
chief topic of warm 
discussions over 
many a flowing 
tankard ; it has led 
to blows ; it has di- 
vided the beat of 
mates, for it is a 
*'mit" that few, 
very few, in the 
engine-house, have 
the fortune to be 
able to crack. 

Steam is admitted 
into the injector 
through a cock on 
the boiler, to obtain 
steam free from 
water. When the 
cock is open, steam 
can enter the in- 
jector through A, 
and occupy b sur- 
round in g the spin- 
dle c. The spindle 
is finished conically 
at its lower end, 
and forms a valve 
which may be closed 
steam-tight at d, 
controlling the 
egress of the steam 
into the lower per- 
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tion of the injector. When the wheel e, on the end of 
the spindle c, is moved to raise the spindle, steam 
rushes through d, past the mouth of the inlet-pipe x 
leading from the water-supply. The current of steam 
by the suctional action draws the air out of the pipe 
leading to the water, and relieving it of atmospheric- 
pressure, a vacuum is formed in the pipe between the 
injector and the water, by virtue of which it ascends 
and enters the injector. 

The action of the injector is entirely due to the con- 
centration of the steam issuing from a cone, a. Fig. 20, 
which must be taken as representing the power of the 
instrument. Here the steam is condensed, and is 
concentrated by means of the water flowing in at the 
combining cone b. The united streams of water and 
steam are passed into the receiving cone d, where the 
resistance to the entry of the water into the boiler 
is experienced. The sectional areas of the cones diflTer, 
as a matter of course, and the areas of a and d, at their 
smallest diameters, are about as 2*0106 is to 0*7854. 

The injector takes advantage of the superior velocity 
with which steam issues from a boiler as compared 
with water, and may be regarded as an instrument 
for producing a combined jet of steam and water, 
flowing through a nozzle at a higher velocity than 
that at which a corresponding stream of water would 
issue from the same boiler that supplies the steam. 

When the water comes within the scope of the cur- 
rent of steam, it is carried along by the concentrated 
steam acting upon it» The water, which is incompres- 
sible, is projected forward into the delivery-pipe, and 
thence into the boiler by the impulsive force of the 
steam, the velocity of the steam being due to its elastic 

o 
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pressure. The expansive force of gunpowder is confined 
by the shot to the powder-chamber, where the force is 
concentrated that ultimately sends the ball hissing 
through the air. So with the action of injectors, the force 
is concentrated by the water at the cone, and instead of 
there being one efEect as with a charge of powder for 
one shot, the injector, whilst steam is on, is always 
charged, and there is a continuous discharge of water. 

The reason why an injector will not work with feed 
water of a greater temperature than from 130° to 150° 
is that it requires so large a quantity of water to 
condense and concentrate the current of steam from 
the cone a, that the speed of the water cannot be 
sufficiently accelerated by the force of the steam to 
overcome the virtual speed of a corresponding stream 
of water issuing from the boiler. 

The ratio of the quantity of water entering the 
boiler is to that of the steam used, as about 18 to 1 ; 
that is to say, that for one pound of steam issuing from 
the boiler, eighteen pounds of water are forced into the 
boiler. The temperature of the water is raised nearly 
100° Fahr. during its passage into the boiler when the 
pressure is about 70 lbs. per square inch. 

From this explanation an engineman should be 
enabled to form at any time an opinion respecting an 
injector that is defective in its working. 

We will assume that, after an injector has been at 
work all right for a short time, it throws off — stops 
working. 

There are three causes by which a stoppage is pro- 
duced : — First, the injector will go off when the water 
exceeds a certain heat ; but it may be argued that as 
the injector took the water at first, why not continue 
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doing 80 P Because the injector itself may have been 
cool when first set on, and thus have assisted to a 
greater or less extent to cool the steam \mtil it became 
heated. Secondly, the water in the tank may not have 
had the same temperature throughout, and as the 
hotter portion entered the injector, it failed to cool the 
steam and concentrate it. Thirdly, the injector will 
throw off when the volume of issuing steam from the 
boiler is insufficient to give the required speed to the 
water, so as to overcome the resisting pressure of the 
water and steam within the boiler. Here again it may 
be said : But the steam worked the injector at first. 
Yes ; but the water which has been put into the boiler 
was comparatively cold, and this has reduced the tempe- 
rature of the steam, and consequently its velocity into 
the cone a, whilst the volume of water remaining the 
same as when the injector was first put on, the steam is 
condensed entirelt/, and there is not sufficient speed 
given to the water. 

We never see an invention, however good, but it is 
capable of being improved upon. This is the rule of 
the road which reaches to the goal of perfection. 

GKffard's injector is very sensitive, and its mechanism 
is very much boxed-up, and when constantly put "on'' 
and "off'' it wastes much water through the overflow- 
pipe at each operation. 

The advantages claimed for the Sheward and Gre- 
sham injector, Figs. 20, over the Giffard injector are, 
first and foremost, that it will take hot-water, whose 
temperature does not exceed 150° Fahr. : this is 
attended, as every engineman knows, with many 
advantages. There are occasions when the engine has 
beeii stopped, on which the boiler is overcharged mtk 
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steam, and when it blows off at the safety-valves ; not 
only making an imbearable row, but wasting steam. 
If this disagreeable din and waste can be avoided by 
blowing back surplus steam into the tank, without 
annulling the power of an injector, it must, to say the 
least, be of great benefit. Such is the Gresham in- 
jector, of which the next recommendation is, secondly, 
that it readily adapts itself, without adjustment, to the 
varying pressure of steam under which the injector has 
to work. The advantage of this is like that of a pump 
which can be regulated so as just to maintain the water 

OELIVERY 




OVERFLOW 




Figs. 20. — Sheward and Gresham Injector. 

in the boiler at the best working level ; but, very un- 
like the pump, the water through the injector enters 
the boiler in a continuous stream, in place of by such 
intermittent action as is common to pumps. In fact, 
the injector, compared with a pump, may be considered 
as a continuous ram with a continuous piston. Thirdly, 
the advantage of being able to withdraw the working- 
parts of injectors may have struck many enginemen 
who have had experience of them. In the injector now 
under notice, the whole of the internal parts can be 
withdrawn from the external case without breaking 
any pipe-joints, by means of the nut e, and the interior, 
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which sometimes gets choked or furred up, can be 
cleaned and the instrument returned to the case with 
the steam up. 

Some inquisitive spirits will want to know why this 
injector takes hot water. The explanation is that it is 
due to the good proportions of the various cones, and 
to the fact of their being fixed as much below the level 
of the supply- water as possible. 

Instructions for working the Oresham Injector. — 1st. 
Open the water-supply slightly by the cock on water- 
supply pipe, when, with a non-lifting injector, the water 
will enter it. 

2nd. Open the cock on steam-supply pipe slightly 
until water issues freely from the overflow-pipe ; then 
open the cock full. If water continues to issue from 
the overflow-pipe, regulate the water supply until this 
overflow ceases. 

The quantity of feed-water supplied to the boiler 
through the injector may be increased or decreased at 
pleasure by opening or closing the regulation-cocks. 

The Hancock Insjnrator. — This instrument, an 
American invention, constitutes a still further advance 
upon the GifEard injector. It is a double apparatus. 
Fig. 21, one-half of which is a lifter, consisting of a 
lifting jet and a lifting nozzle ; and the other half a 
forcer, consisting of a forcing jet and a forcing nozzle 
or injector ; the lifter drawing the water and delivering 
it to the forcer, which delivers it to the boiler. Al- 
though both the lifting and the force-nozzles are fixed, 
their proportion, one to the other, is such that the 
inspirator does not require any adjustment for changes 
in steam-pressure or in water-supply, the waste- valve 
being kept closed while the instrument is in operation. 
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except ttt tbo time of Btartisg. By meauB of tho imp.- 
ratOT, water can be lifted '25 feet, and deliTered into 




Fig. 21.— Hancock Inspirator. Stationary Boilers. 



a tank or a boiler, as required, witli a steam-pressure 
of 30 lbs. per square inch. The temperatare of the 
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water may be as bigli as from 90" to 100° Fahi. for 
a lift of 25 feet ; or it may be as high as 125° Fahr. 

mm 




OVERFLOW. 
Fig. 22.— Hancock Inapirator. Vertical Seotioii. 

for a lift of S or 4 feet. The inspirator for stationary 
boilers is Bbown in sectioa, Fig. 23. By means of 
the uppermost Talre, the admission of steam to the 
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forcing jet ia controlled ; by tbo middle valve ia rega- 
latcd tbo flow of the water delivered bj the lifting jet 




OVERFLOW 

Fig. 23. — Hancock laspirator for Locomotives. 

into the forcing tube ; by the lowermost valve the over- 
flow is opened and closed, 

Tlic locomotive inspiratur, shown ia Fig. 23, 
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deserves a word of notice. It is the same in principle 
as that of the stationary inspirator ; but the arrange- 
ment is such, that all the operations of starting and 
stopping can be performed by the movement of a single 
lever, and the instrument is self-contained. By a slight 
movement of the starting lever, steam is admitted to 
the lifting jet. When water issues from the overflow, 
by a further movement of the starting lever one of the 
valves is closed — thus turning the supply water through 
the force-nozzle — steam is admitted to the forcing-jet, 
and the waste-valve is closed, thus starting the instru- 
ment. 

An elaborate series of trials of the Hancock inspira- 
tor was conducted at Boston, XJ.S., by Mr. R. H. Buel. 
According to a table of some of the results of these 
trials with No. 30 instrument, for stationary boilers, in 
which the smallest diameter of the force-nozzle was 
0.30 inch, or nearly t^^ inch, when the lift was from 
2 to 3 feet, and the temperature of the water supplied 
was 70° Fahr., whilst the pressure of steam supplied to 
the inspirator, as well as the pressure against which 
water was deKvered, varied from 15 lbs. to 150 lbs. per 
square inch, the maximum rate of delivery varied from 
100 cubic feet to 144^ cubic feet of water per hour ; 
ind the minimum rate of delivery, when the steam- 
valve was wide open, and the supply was throttled, was 
from 60^ cubic feet to 78 cubic feet, with steam of 
140 lbs. pressure. The temperature of the water at 
maximum delivery varied from 103° to 191° Fahr. ; at 
minimum delivery, when the steam-valve was opened 
wide, and the supply throttled, the temperature varied 
from 184° to 230° Fahr., under pressures of from 
40 lbs. to 150 lbs. per square inch ; and, at minimum^ 
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delivery, when the steam-valve was throttled^ and the 
supply- valve was opened wide, the temperature yaried 
from 134° to 168° Fahr., under pressures var3diig from 
80 lbs. to 150 lbs. per square inch. The yacuum in the 
supply-pipe varied from 4 inches to 23J inches of 
mercury, between the extreme pressures of from 15 lbs. 
to 150 lbs. The lowest pressure of steam with which 
the inspirator delivered water against these extreme 
pressures, varied from 11 lbs. to 90 lbs. per square 
inch. 

From the results of another series of experiments, it 
appears that with a lift of 2 feet, for pressures of from 
15 lbs. to 150 lbs., the highest admissible temperature 
of supply water varied from 130° to 144° Fahr., and 
the temperatures of the delivered water varied from 
170° to 280° Fahr. More recently, inspirators have 
been constructed capable of supplying locomotive 
boilers with water drawn at 150° Fahr. of tempera- 
ture. 

Tangye*8 Special Steam-pump^ with Key. — ^But few 
modem inventions have, in the course of a few years, 
received such patronage as the Special Pump illus- 
trated in longitudinal section. Fig. 24. The great ad- 
vantage of this pump is that it is double-acting. After 
it is started, it catches up the water and delivers it 
into a boiler in a constant stream, and not in inter- 
mittent quantities like the ordinary engine-pump. It 
is capable of keeping up a constant and steady flow of 
water, and it adjusts itself to the fluctuations in the 
pressure of the steam. It can be regulated to supply a 
boiler with water at the same rate at which the water 
is evaporated and consumed. The motion is known as 
a " tappet ** motion ; that is to say, it is one in which 



201 STATIONARY ENGINE DRIVING. 

the movements of the valve are regulated by its comiiig 
into contact with adjustable lugs, withcambs, and with 
a reversing- valve. 

The key to the pump will enable those who have not 
yet had experience of it to form an acquaintance with 
the pump. The steam-cylinder and the pump-cylinder, 
A and B, are placed in a line with each other, and they 
are connected by distance-pieces h, the end-flanges of 
which form the covers for the two cylinders. The 
steam-cylinder a is made with a double set of steam- 
passages, one pair of these passages leading from the 
slide-valve face to the ends of the cylinder in the usual 
way, and the other pair extending from near the ends 
of the steam-chest to the inner ends of small cylindrical 
chambers formed one on each cylinder cover, ff. 
Each of these chambers is fitted with a reversing- 
valve G G, which closes an opening in the cylinder- 
cover : these being — except when moved by the piston 
— kept against their seats by the pressure of steam on 
their backs, the outer ends of the valve-chambers being 
placed in free communication with the steam by small 
passages. 

The slide-valve e covers the exhaust-port and one 
pair of steam-ports, and it is made of the section shown, 
so that when it is removed to the right, steam is ad- 
mitted into the right-hand port and vice-versd. The 
valve is shown in the engraving in the position which 
it occupies when steam is being admitted into the left- 
hand port ; the other port being placed in communica- 
tion with the exhaust. On the back of the valve are a 
pair of lugs fitted between two collars, formed on a 
spindle connecting a pair of plungers, d, d, which work 
in the cylindrical portions forming the ends of the 
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valve-cliest, c c, and into which the second pair of 
steam -ports, m m, open. 

The plungers, d d, are for the purpose of shifting the 
slide-valve ; and they are made to work comparatively 
free, so that sufficient steam will pass them to form a 
cushion at either end alternately. 

When the pump is at work, the finger i of the 
starting-lever remains stationary, as the valve does not 
move far enough to touch it. 

The action of the apparatus is very simple. Sup- 
posing all the parts to be in the position shown in Fig. 
24, the piston will, when steam is turned on, move from 
left to right. On arriving at the end of its stroke, 
it will open the reversing-valve g in the right-hand 
cylinder-cover, thus placing the second right-hand steam- 
passage in communication with the right-hand end of 
the cylinder ; and consequently, owing to the position 
of the main-valve, in communication with the exhaust. 
This being the case, the pressure is removed from the 
back of the right-hand plunger d, connected with the 
main-valve, and the pressure of the steam on the inner- 
side of the plunger then forces the latter to the right, 
the slide-valve being of course carried with it. 

By this movement, steam is admitted to the right- 
hand end of the cylinder, and the left-hand end is 
placed in communication with the exhaust. The piston 
then performs its stroke from right to left, when the 
operations already described are repeated at the other 
end of the cylinder. 

The action of the valve is not the same in all the 
Tangye pumps. The section. Fig. 25, exhibits an im- 
proved form of reversing valve, e, k. It will be 
seen that these valves are placed in the passage of the 
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steam cylinder instead of in the covers, and that &ej 
work in a direction perpendicular to that of the piston; 
the object being to render the toIvcb under all circmn- 
stances absolutely certain in action. The piston, on 
arriving at the end of its stroke, and its edge being 
slightly bevelled, will lift the improved reversing valve 
off its seat This removes the pressure from the back 




Fig. 2S.— Tangye'B Special 



of the right-hand plunger connected with the miun- 
valve, and the pressure of the steam on the inner side 
of the plunger then forces the latter to the right, the 
slide-valve being of course carried with it. By this 
movement steam is admitted on the right-hand end of 
the cylinder, and the left-hand end is placed in com- 
munication with the exhaust. The piston then per- 
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forms Its stroke from right to left, when the operations 
described are repeated on the other side or end. 

Starting the Pump, — Before starting a Tangye- 
pump, the cylinder should be warmed by blowing 
steam through it and out of it by way of the waste- 
water cock. The lever i, Fig. 24, then may be worked by 
hand backwards and forwards a few times, not for the 
full stroke, but for a short portion of the stroke only, 
so that all the water may be blown out of the passages, 
and that a regular temperature may be obtained 
throughout the working parts. Should the piston, at 
any time during ordinary working, instead of making 
a full stroke, travel to and fro at one end of the 
cylinder, the plug f at the opposite end of the 
cyKnder should be unscrewed and the piston-valve 
blown out by steam, cleaned and returned to its place. 
A little grit will sometimes prevent its working pro- 
perly. For lubrication, suet should be used, because it 
is better and more genuine than tallow or oil, and is 
much more economical in cost than either of these. 

Delivery of Supply. — To ascertain the quantity of 
water that a pump will deliver, it is necessary to calcu- 
late the solid or cubical contents of that part of the 
barrel in which the vacuum is produced and to reduce 
it to some standard measure, and to multiply this by 
the number of strokes made in a given time. If a 
pump-ram is nine inches in diameter, and makes an 
effective stroke of 18 inches, its performance may be 
found either for each stroke or for a number of strokes. 
The pump illustrated above has a capacity of 1,145 
cubic inches, which, divided by 277J cubic inches, 
the volume of an imperial gallon = 4'13 gallons : 
that is, supposing the ram to be at the end of the 
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outdoor stroke and the pump full of water, it would 
displace 4*13 gallons by making the indoor stroke. 
Therefore it is clear that at the rate of 10 strokes a 
minute 41^ gallons would be displaced or pumped out 
per minute ; and at the rate of 100 strokes a minute, 413 
gallons will bo displaced, or 60 times 100 strokes ; for 
the work of one hour = 413 x 60 = 24,780 gaUons. 
A<* a gallon of water weighs 10 lbs. the total weight 
delivered in the hour would amount to (24,780 x 10 =) 
247,800 lb«. 



CHAPTER XIV. 

CAUSES OF FAILURES. 

It is not an unusual occurrence for a stationary engine 
to break down by more causes than one^ and by causes 
unknown to enginemen. 

One man may have a list of failures, an extensive 
list, which he might show to another man, in the belief 
that it exhibited rather extensive experience in break- 
downs, and yet he may find himself face to face with 
facts and incidents quite beyond the range of his ex- 
perience. It is highly commendable to find out the 
cause of a success, but, it is only by knowing how and 
where engines have failed, that a man can be made a 
complete engineman. 

As things are at the present time, when almost any 
man who has the slightest pretence to an acquaintance 
with engines can procure a berth to look after an engine, 
it is our duty to try and meet the evil. That there are 
men in charge of engines who know nothing excepting 
shovelling coal, is a fact ; and they are not to blame 
for getting into the engine-house to change the shovel 
for the " STOP *' and " starting " lever. That being a 
fact, for which at present there is no remedy, the 
following list of failures and the causes may be of value 
to those who feel their need of information. A man is 
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before iis who is well aware that hot water, if poured 
into a glass, will crack it, spoil it, break it, and still he 
turns steam, which is hotter than the water in a kettle, 
into a cold cylinder and cracks that ; which may cost 
two or three hundred pounds to put right again. Here 
is a man who knows that if the water in the kitchen 
pipe is turned oflF suddenly, he will have in all proba- 
bility to pay the plumber to patch the bursted water- 
pipe, and still he will go to his engine and shut off a 
stop- valve suddenly, and is surprised that the steam- 
pipes crack and the boilers burst. * 

We will give some cases which have come before us. 

An engineman broke in halves the beam of an engine 
of 80 horse-power, by allowing the injection-water in 
the condenser to augment until it entered the cylinder. 
The water, being incompressible, resisted the "down" 
stroke of the piston, the momentum of the fly-wheel 
resisted the " up " tendency of the water, consequently 
the weakest point between the crank-shaft and the 
condenser was found in the centre of the beam, where 
it parted, and it came down with a great crash to the 
floor. This accident was caused soon after starting by 
not so regulating the supply of water to the condenser 
that the air-pump could discharge it into the hot- well. 

An engineman broke a beam in halves, not noticing 
that the foot- valve of the condenser was out of order, 
which disabled the pump.' 

An engineman broke a beam by allowing blocks of 
wood to lie about the engine-house, until they were 
accidentally knocked into the pit of the fly-wheel, where 
they glided between the rim of the wheel and the 
masonry, forming a kind of break-block against the 
steam on the piston. 
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An engineman blew an excessive quantity of steam 
ihrough the cylinder-jacket, and so heated the water in 
the condenser, that it caused the air-pump bucket to 
expand, and created sufficient friction to bend the 
pump-rod. 

An engineman, by not blowing sufficient steam 
through the jacket, split the cylinder by admitting 
steam into it before its temperature had been suffi- 
ciently raised. 

An engineman started his engine without examining 
it properly, causing some waste to be the means of 
breaking a pair of geared wheels, which incurred an 
enormous amount of delay and expense to the pro- 
prietor. 

An engineman, getting the chill off a slide-bar and 
slide-block, caused them to expand and attempt to 
grip. The slide-bar seized down upon the block, and 
the block seized up to the sKde-bar. After he had 
oiled it, it did not appear to improve, the two faces 
fitting so closely as to exclude even a film of oil ; and 
the engine was compelled to run at half speed for a 
time. This mishap was caused through the refuse in 
the oil blocking up the pores in the worsted trimming, 
and thus preventing the oil from lubricating the 
bearing. 

An engineman allowed the lid of an oil-box to fit 
air-tight, and consequently the trimming would not 
act properly. He retrimmed it and still the bearing 
would get hot; he altered the trimmings several times, 
but his efforts were of no avail. The mill, however, 
had to be kept going to finish some important work, 
and by the end of the week the journal and the brass 
were considerably cut. The engine was of course 
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delivered over to the engine-maker for repairs. It 
may be asked how it was that the lid became tight so 
suddenly. We have simply to refer to the fall of the 
lid of the box on to the edge every day, by vrhich the 
inequalities on the two faces were smoothed away, in 
time making a perfect air-tight joint, excluding the air 
from forcing the oil down the worsted pores, and there- 
fore if a box was full of oil and the lid was air-tis:ht 
the journal would run without obtaining any oiL 
Scores of journals run hot through the boxes being 
air-tight, and the remedy is seen too frequently 
applied in the wrong place, namely, by fiKng a notch 
in the box edge. Sometimes this is made sufficiently 
deep to make it impossible for the fall of the lid to 
obliterate it ; but even then there is danger of its 
becoming air-tight, especially when tallow is mixed 
with oil. The proper way is to admit the air through 
the centre of the cover by a hole, in which a small 
piece of sponge should be placed to prevent the dust of 
the engine-house entering the box and clogging up the 
siphon-cup. 

An engineman took his feed- water from a brook, and 
allowed some chips to enter the engine-well, which 
were drawn up the suction-pipe into the pump, and, 
getting under the clack, disabled it. Time was lost 
in attempting to get the clacks to fall by pouring cold 
water upon the pump to condense the steam under the 
valve. Sometimes valves are held up by the steam in this 
manner when they are seated too high and require lower- 
ing. The boiler, becoming short of water, the engine 
had to stop, and the top clack being up, the second clack 
could not be examined, so that the steam had to be 
blown o£E from the boiler and the works stopped, by 
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the absence of a strainer in front of the well, and by- 
want of a head that could see the chips floating in the 
brook and the same chips underneath the clacks. 

An engineman was short of steam, and was not able 
to pump a sufficient supply of water into a large tank. 
Complaints were made, and he had the affair in his own 
hands. But the pumping did not improve, and the 
man stated it was all the fault of the boiler, and when 
the boiler was inspected it was found that the brick- 
work all round the front was broken, and therefore it 
was drawing air there. So soon as this was mortared 
up and made air-tight, the draught in the chimney was 
restored. The fire depends upon the chimney draught, 
and not upon air that can steal into the flues through 
dilapidated mortar and masonry. 

An engineman became short of steam through allow- 
ing the flues to be choked up with soot. 

In consequence of an engineman not looking after 
the cleaning of his boiler it was made up with stone 
deposit. 

In consequence of an engineman not making exami- 
nation before making a fire under a boiler, he burned 
it, by its being short of water. The boiler had been 
filled up overnight, but it had sprung a leak, no doubt 
through the sudden contraction of the plates at the 
time or after the fire had been drawn, and through the 
fire-door being open and the damper up. 

An engineman washed a boiler out and filled it with 
water again, and the next morning he made the fire up 
in the usual way. After a little while, when he began 
to think the steam should appear, he perceived some- 
thing smoking on the top of the boiler, which he found 
to be an old bag, and directly afterwards he found the 
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flue red-hot. Where could the water have gone ? It 
went out through the blow-off cock, which was not shut 
close. All blow-off cocks should be carefully watched, 
because they may sell a man at any time when he 
least expects it, through ordinary wear and tear. 

An engineman was blowing steam out of two boilers 
into a third, in order to have the third in working 
order quickly. When he considered that there was 
sufficient in the third boiler, he shut the communi- 
cating stop- valve suddenly, and burst the other two. 
When steam is stopped in its motion, it will of course 
rebound like anything else — ^like a stone, if you will, 
or a shot. 

The force of elasticity produces motion in the steam, 
and it has a tendency to continue that motion until 
acted upon by some extraneous force. As soon as the 
stop-valve was shut in the instance referred to, the 
current of steam towards the valve was momentarily 
accumulated upon the valve, and the pressure corres- 
pondingly increased. The result was that the current of 
steam reacted into the boiler, bringing to bear suffi- 
cient power and pressure upon the water to burst the 
boiler. 

An engineman, by opening a stop- valve suddenly, 

split a large steam-pipe, and consequently disabled the 

engine for two days, there being no spare elbow, and 

there was nothing else to do but to wait for one from 

. the foundry. 

The cause of this mishap, apart from the engineman's 
want of experience, was due to the steam driving the 
condensed water in the steam-pipes before it, to an 
elbow or comer, where the water, being pressed by 
the velocity and pressure of the steam, acted as a 
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bullet, and the steam as powder. This mishap stopped 
a flour-mill, and put the miller to much inconvenience ; 
but neither the man nor the master was aware of the 
true cause. 

The sudden expansion of steam has been used to 
throw balls out of a cannon. Now, water, being incom- 
pressible, is, in a sense, as solid as iron confined in a 
pipe,' and therefore when a stop-valve is suddenly- 
opened, and the pressure and velocity of the steam is 
opposed by water in the pipes, it is only reasonable to 
expect a smash. 

Lastly. When the mind possesses no scientific 
principles for its guidance every act is invested with 
doubt, and any accident which may be caused through 
ignorance is surroimded with mystery. 



CHAPTER XV. 

STEAM-BOILER EXPLOSIONS. 

All boilers, experience informs us, become gradually 
weakened by the working of destructive agents trom. 
the moment they are constructed till the time they are 
broken up. The progress of deterioration greatly 
depends upon the quality of their material, the design, 
and the amount of personal attention given to them ; 
and therefore the progress of deterioration cannot be 
estimated at first sight. We are supposed to have 
more experience in the construction of steam-boilers 
than any of our predecessors. Yet, from time to time, 
we find boilers give way without a moment's warning, 
in consequence of imperfections or of mismanagement. 
There is not an atom of truth in many of the nonsen- 
sical hypotheses which are sometimes advanced to 
account for such accidents. The most common cause 
of boiler explosions is corrosion, which attacks a boiler, 
outside and inside. External corrosion may be occa- 
sioned by negligence of the most culpable description, 
or it may occur and work destruction through the 
ignorance of those who set the boiler in the brick- 
work. Culpable negligence is exhibited when the 
boiler plate is exposed to the atmosphere ; the corrosion 
is then a slow process, but nevertheless it is a wasting 
away of the iron and its effects cannot be winked at. 
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It is seen wheii the water from the leaky gauge-cocks 
is allowed day after day to run down the front of the 
boiler. It is seen when a manhole-joint leaks and the 
condensed steam is allowed, from one week's end to 
another, to run down into the brickwork by the side 
of the boiler. It is seen when the condensed steam 
from the safety-valves, month after month, does the 
same thing. It is seen when the fireman or the 
engineman damps the ashes when they are close to the 
plates. All these occasions for corrosion are open to 
view; and it is well known that such leakages are 
causes of corrosion, more or less fatal according to the 
composition of the water. But the worst kind of 
corrosion is that which is due to the setting of the 
boiler on brickwork in such a way that the moisture 
from below and the drippings of water from the mount- 
ings above can find a lodgment in it. There, out of 
sight and out of mind, it eats the plate away to the 
thickness of sixpence. This is external corrosion, 
pure and simple, as it has not anything to do with 
the wear and tear of the boiler. 

To prevent corrosive action of this kind all that is 
necessary is to set the boiler upon fire-lumps, as illus- 
trated in Plates III., IV., V. Again, when boiler- 
mountings are permitted to leak, and the water runs 
down the side of the boiler, it is absorbed by the soot 
in the flue, and formed into a paste, which in contact 
with iron is a formidable enemy, and will reduce a new 
plate to a skeleton in an incredibly short period of 
time. The plan of building in a boiler with brick- 
work at both ends is out of date ; so is any plan that 
savours of making a comfortable ledge for water or 
condensed steam in contact with iron. 
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Internal Corrosion, — This form of wasting away is 
not so rapid as external corrosion, when left to its 
course. But, provided that there were no such effect 
taking place, then the boiler internally fired would 
sooner or later succumb to internal corrosion, either 
extensive or local. The action of corrosive agents in- 
ternally is chemical, galvanic, and mechanical. It is 
chemical when its effects resemble that of the work of 
ordinary rust — uniform. It is galvanic, when the 
stays' heads are eaten off, or when pit-holes are 
formed in the tubes and boiler-plates; or when the 
end of a gauge-glass is consumed in a very short time ; 
galvanic action is very prevalent in boilers fed with 
water from a surface- condenser. Not long ago a 
hammer was taken out of a surface-condenser, having 
the soft portion of the eye eaten in holes, but 
the steel faces were untouched. It had been in the 
condenser nine months. Galvanism is a species of 
electricity excited, not by friction, but by establishing 
a communication between two different metals through 
the medium of a liquid : it is capable of producing an 
intense heat, and it also possesses energetic decompos- 
ing power. Mechanical action is exhibited by grooves, 
which are formed by alternate bulging and straighten- 
ing, and is assisted by any acidity which may be 
present in the water. The mechanical action strains, 
frets, and fatigues the iron until the skin is broken, 
and the rapidity of the fracture is hastened by the 
action of acids in the water, which attack the most 
susceptible and sensitive parts, imtil a division or 
groove is made, when the water leaks through into the 
furnace or the flues. Grooving is generally found in 
the roots of angle-iron and flanged plates, and at the 
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longitudinal lap-joints of Comish and of LancasHre 
boilers. This grooving action is due to the strain put 
upon a boiler whilst at work. It is quite certain that 
the contraction and expansion caused by opening the 
door for firing, and by urging the furnace, are very 
unequal, and cause unequal action of a serious nature ; 
and although this action is known and specially dealt 
withby our very best boiler-makers, who employ "poc- 
kets,'' " gussets," and welded-in water-tubes, for insur- 
ing safety, yet the object may be frustrated by many cir- 
cumstances beyond control. And what are they ? Not 
electricity, not the spheroidal theory, nor the genera- 
tion of explosive gases, nor a greater deterioration in 
the plates than what was expected under ordinary wear 
and tear. None of these things ; but the want of nous 
on the part of the attendant. Overheating, overstrain- 
ing, accumulation of deposit, wedged safety-valves, the 
conversion of the static pressure into a dynamic force. 

Overheating may not cause a blow-up at the time, 
and it is well that cold water turned on to heated 
plates is not of itself capable of being at once con- 
verted into a large body of steam; otherwise many 
more boilers would have been burst. An engineman 
not long ago found the tube in a Comish boiler over- 
heated, and, fearing the consequences of his negli- 
gence, he chose to risk a kick from his boiler, rather 
than insure one from his master, and turned all feeds 
on, and so regained the proper water-level. But the 
mischief never ends here when such occurrences are 
smothered instantly. It is a well-known fact, if a 
piece of good ductile wrought-iron is heated to red- 
ness over a blacksmith's fire and then cooled suddenly 
in water, it becomes brittle and liable to snap. What 
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is there to liinder a piece of boiler furnace from 
becoming brittle when suddenly cooled by a pump 
throwing cold water upon it ? The plate may support, 
in its crystallised condition, a crushing pressure for a 
time, but it will be liable to snap at any moment, as 
the atoms of which it is composed are loosened and 
disarranged, when any extra degree of expansion- 
tensile strain — may tear them asunder. When iron is 
overheated it becomes speedily oxidized^ and its 
tenacity and cohesive force much reduced. 

Not infrequently, over-heating is caused by tlie 
gauge-cocks being in a filthy condition, and not work- 
able, the check taps being as fast as a rock — ^the boiler 
being practically charged like a cannon, ready at some 
convenient season to admit daylight through the roof 
of the boiler-house. 

Sometimes overheating occurs in consequence of tlie 
boiler suddenly springing a leak, or bursting a tube. 
When such a surprise happens, an active fireman or 
engineman rakes the fire out of the furnace before 
much mischief is done. An engineman filled his boiler 
up after washing it out, and went home. He returned 
as usual next morning, and lighted the fire ; presently 
he had a suspicion that all was not right, and upon his 
examining the boiler it was found to be empty. He 
examined the blow-off cock and all the mud-plugs 
about the boiler, but he could not discover any trace 
of the missing water. Where was it ? In another 
boiler that had dropped its steam during the night, a 
vacuum was formed above the water, when the water 
of the boiler which had been filled was drawn through 
the feed-pipe, which was defectively arranged. 

Overstraining may be occasioned by tampering with 
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the safety-valves, hanging weights on the lever, or 
wedging the lever down, in order to obtain a good 
pressure of steam. Or it may arise when, the boiler- 
power not being equal to the demand "for steam, the 
fires are urged ; for, although steam may not blow off 
at the valves, and the valves may not be locked, yet 
there is likely to be an excessive degree of expansion 
in the plates. This kind of straining takes place when 
steam is taken from the boiler to supply an additional 
engine. At the best of times, the expansion of the 
furnace, or the iron in contact with the fire, is very 
much more per foot than in the surrounding plates. 
Boiler plates in contact with the fire deteriorate not 
necessarily in proportion to the time they have been at 
work ; but in proportion to the amount of heat that 
has passed through them in a given time. The heated 
plate depends for its preservation upon the water 
taking the heat out of it, as fast as it enters from 
the furnace; but, in the absence of this condition, 
it becomes overheated and evaporation is actually 
impeded, as the water is driven off by excessive 
heat, which produces excessive expansion, and, in 
consequence, buckling and grooving, and becomes the 
employer of the caulking tools, and the arch destroyer 
of the boiler. 

Take an internally fired boiler, urged by a fierce 
fire. The flue-tube expands ; it becomes longer ; and 
it therefore pushes both the back and the front plates 
outwards. But if the end plates will not spring, then 
the tube becomes a bow, and the lower side is exces- 
sively strained by compression. Take a willow stick, 
with wood discs on each end, and bend it as a tube is 
bent, and as the fibres of the stick arrange themselves 
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to suit that position, so do the fibres of tlie iron ; mark 
perpendicular lines at the end of the discs and note 
their altered position under the strain, and the proba- 
bility is you will learn why grooving and fracture take 
place in the root of the angle-iron which holds the end 
plato to the shell of the boiler. Any kind of ove^ 
straining may be caused by unskilful enginemen. 
They may, for instance, blow off a boiler whilst it is 
very hot, and then turn cold water into it, either from 
the main or the tank — the intention being to wash it 
out. In some districts, such treatment, it is supposed, 
brings down a large quantity of scale. The scale is 
suddenly cooled and contracts more quickly than the 
boiler-plate, and therefore it is split up in consequence 
of the capricious manner in which contraction takes 
place amongst its own particles. Here there is not a 
thought as to how the contraction affects the boiler- 
plates. Of course they are affected like the scale, but 
upon a scale of greater magnitude, and extending over 
a larger period. The immediate effect is to produce 
leakage in the joints and the old fractures. The second 
effect is to make work for a boilermaker with a caulk- 
ing- tool ; the third effect, following from the second, is 
to cut the skin of the boiler ; the fourth effect, following 
from the third, is corrosion ; the fifth effect is that 
leakage, caulking, skinning, and corrosion are always 
at work ; the sixth effect is a blow-up. It is thus seen 
that over-straining may be caused by an excess of heat, 
or by an excess of cold. 

Accumulation of Deposit or Scale. — Too great an 
accumulation of scale, either general or partial, prevents 
the proper distribution of heat to the water, and the 
heat of the metal is then increased to too great an 
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extent. The ductiKty of the iron is changed, and it is 
caused to bulge and yield to the pressure. 

Most kinds of water contain solid matter in solution 
or in suspension, and as the water is evaporated the solid 
matter remains and finds a resting-place on the top of the 
tubes or on the crown of the furnace and on the sides 
of the boiler. The nature of the deposit varies with 
different kinds of water. There is a stone deposit, and 
a floury deposit. The former is sometimes called boiler- 
stone. The quantity of stone in solution in some 
waters, such as is taken from a brook in dry weather, 
or pumped from a well where the surrounding material 
is sand or rock is very considerable, varying from 50 to 
160 grains in a gallon. Every particle of solid matter 
that enters the boiler must remain there unless carried 
off by priming, scumming, or blowing off. The deposit 
must, if neglected, become a great evil. In fact, some 
boilers when opened have been found half full of solid 
stonework. It is found that the layers of stone de- 
posit sometimes arrange themselves in such wise as to 
leave interstices to which the water can penetrate. 
When the water finds its way through these openings 
to the hot plate a local explosion takes place, which 
loosens the scale for some distance round. These 
explosions produce a rumbling commotion, and are not 
infrequently followed by the bulging of the furnace 
plates, and a trembling of the whole structure. It is 
often remarked by a witness at an inquiry into the 
cause of a boiler explosion that before the accident a 
rumbling noise was heard. Let us try to find an 
explanation for such a phenomenon. 

If steam of a high temperature is turned into a tank 
full of cold water, it will carry a considerable quantity 
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of water before it, wliicli will strike the side of the tank 
with great force. In fact, if the tank is not very strong, 
it will become bulged outwards, and it may ultimately 
be fractured. The rumbling sound is not in the water 
or the steam. It is the muffled ring of the metal, 
produced by blows from the water. Heat is the agent 
which produces the mischief. If the incandescent 
boilerplate is supplied with a given quantity of water 
imderneath a scale, its sudden formation into steam will 
scatter the adjacent scale and carry the water before it 
against the top or sides of the boiler. Scale having 
once been dislodged, fresh local contacts of water with 
the heated plate take place, and there is then a succes- 
sion of cone-like forces of high-pressure steam produc- 
ing a succession of blows, by driving the incompressible 
water against the crown of the boiler. It is the highly 
heated and elastic steam coming in contact with water, 
which produces the mischief. The hot plate is its 
base ; its velocity is due to its elasticity. The energy 
of the steam is concentrated upon the water, which 
closes in upon it, and acquires a projectile velocity, 
as in an injector, so high that the point of impact 
rumbles imder the blow, and the whole boiler gives 
notice. 

The deposit may consist of a floury paste— carbon- 
ate of lime. "When the deposit is allowed to accumu- 
late in the boiler, the water, more or less, resembles a 
stir-about, which must be penetrated by the heated 
water or the steam, in order that it may reach the 
steam-space. 

For this purpose, the water must be raised to a 
liigher temperature than would be required if the water 
were comparatively clean, and consequently the tern- 
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perature of the plate is in excess of what it would be 
under better management. 

The accumulation of this kind of deposit does not 
raise the alarm in the mind of enginemen like a thick 
layer of boiler-stone, but as a cause of over-heating it 
is quite as potent. 

With portable boilers and locomotive boilers, which 
change their water by changing the locality of their 
operations, much comparative experience of the effects 
of the two descriptions of scales is obtained. Loco- 
motive boilers perfectly water-tight with stone deposit, 
have, after working for a short time with water forming 
a floury scale, begun to leak. The stone-scale falls from 
the tubes and the walls of the fire-box in bucketfuls. 
If the scale happened to fall off without incurring 
leakage, the effect would have been attributed to the 
superior quality of the water. But granting that scale 
did leave the boiler-plates by virtue of the superior 
quality of the water, why should it make the tubes and 
joints open out ? 

The true cause is the expansion of the heating sur- 
face in excess of that which took place while the stone- 
scale was forming. 

Take a pan coated with stone on the sides, and coat 
the bottom with a paste of flour and water, and after 
filling it with water, boil the contents. The scale will 
fall off. The flour paste stopped the heat from pass- 
ing rapidly through the bottom, and therefore the pan 
was raised to a higher temperature than usual ; and 
not only is extra expansion caused, but if the paste be 
too thick, it will cause the bottom to be burned out; 
or, what is a better illustration of the influence of ex- 
cessive temperature, the pan will become unsoldered. 

a 
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When boilers are supplied with water which holds 
in solution chalk, limestone, &c.— carbonate of lime — 
they are not so ticklish to manage as those which are 
fed with water holding in solution sulphate of lime. 
This salt stops up the apertures of the feed-pipe, 
and gradually reduces the efl&ciency of the pump, an 
effect which alone is no small factor in the causing of 
a disaster. It is also very troublesome inside the 
boiler, as it accumulates between flue-tubes, and im- 
pedes the circulation of water. It also gets into the 
perforated holes in the steam-pipes, cutting off the 
supply of steam. But, more leaking, bulging, and frac- 
tures will follow the use of chalk and limestone water 
than what follows from the use of stone and rock- water. 

Once more. We have a vessel half full of sand and 
the other half full of water, and if we make a hole in 
the bottom, the water will pass through the sand and 
escape ; if we empty the sand out and replace it with 
flour, we shall find the water will not pass. We learn 
by induction that the pores of sand are not so fine 
as the pores of flour. 

When the floury deposit becomes very thick by ne- 
glect in removing it, the plates and tubes are raised to 
an excessive temperature in order to make some im- 
pression upon the water. In course of time, the 
" nature " is burnt out of the iron, and there is then 
great danger of the furnace collapsing. When an 
overheated plate gives way, it is generally pressed down 
— collapsed — showing clearly where the plate had been 
overheated. A particular feature in the condition of a 
collapsed flue when crushed by over-pressure, and not 
weakened by fire, is that the flue is driven in on both 
sides of its axis. 
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Wedging doicn the Safety-valve, — This is a glaringly- 
bad piece of foolery that is seldom harmless. When it 
is detected, the delinquent should be sharply dealt 
with. The safety-valves are adjusted to blow off, and 
to relieve the boiler of an excess of steam which, if it 
was retained, would distort and injure the permanent 
arrangements of the whole structure. When the 
safety-valve is pegged down tight upon its seating, 
there is no escape for the steam, which augments in 
force imtil the resistance of the boiler is overcome, and 
ultimately the weakest place suddenly yields, and 
destruction is inevitable. Let us look at the reckless 
danger of locking down valves, which is done every 
day. Sometimes the boilers are situated underneath 
office floors, factory floors, imder the streets, the pave- 
ments, and the shops ; an engineman locks down the 
Talves of a new boiler, just from the maker's hands, 
and he thinks no danger can happen. 

A boiler may be new to-day, and it may be exploded 
to-morrow under the pressure at which it was guaran- 
teed to stand for several years. A boiler may be in- 
jured and weakened in transit between the boiler-maker's 
yard and that of the purchaser's, and who will say any- 
thing about it ? 

A boiler may be fixed in its position, and for want of 
proper support, its back is broken. A boiler may be 
properly tested, and the test may be overdone ; so that 
after the test it is a weaker boiler than it was before it 
was tested, the strain it has suffered remaining un- 
detected. A boiler may be weak before it is tested, and 
the weakness aggravated — not cured. A boiler, after 
it is subjected to intermittent expansion and contrac- 
tion for a time, may open a hidden flaw in the ^Wt^i. 
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A boiler may be made to sell, not to work under tlie 
most reasonable pressure. A boiler may have been 
burnt by an engineman and blown up by bis successor 
in ignorance of the defect. But, however sound the 
original test and examination may have been, it is no 
answer to the folly of wedging down safety-valves. 

The conversion of the static pressure of steam into a 
dynamic force, — ^When water flows through a pipe, if 
the tap be shut suddenly one will hear a sharp click 
and a rattle, and if the pipe be not very strong, it 
wiU burst. 

Then why should we not burst a boiler in the same 
way in ignorance ? Not with water, but with steam. 
The thing has been done, and has ended in a fearful loss 
of life. The steam from two boilers was allowed to flow 
into a third, and when the operation was finished the 
stop- valve was suddenly shut, and the steam that was 
issuing from these boilers being suddenly arrested and 
stopped in its motion, struck back forcibly into the 
boilers, like the water in an hydraulic tube, and im- 
pinged, as would a solid body, on the boiler-plates and 
burst them. There can be no question about the 
sudden retrocession of steam giving rise to an enormous 
force. By such force the bends and elbows of cast-iron 
and copper steam-pipes are frequently cracked when 
the valves and cocks are suddenly closed. 

It may safely be concluded that the primary cause 
of boiler-explosions may be traced to corrosion of the 
plates, either as a uniform wasting of the surface, or as 
rapid local decline, rendering the plate too weak to 
bear the ordinary working pressure. The idea of high 
pressure is only a relative one, and can have reference 
only to the comparative strength of a boiler on which 
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the pressure is exerted. A boiler may be as safe with 
150 lbs. pressure as another with 50 Ibs.^ and even be 
less liable to burst. High pressure exerted in a vessel 
of small dimensions may not amount to more than a 
low pressure in a proportionately larger vessel. In 
every boiler, steam of too high an elasticity for the 
resisting strength of the boiler may lead to an explo- 
sion, and of all things, great and small, there is none 
so quiet, so insinuating, and so certain in reducing 
strength as corrosion : especially external corrosion, 
when the subtle " sweating " of the plates underneath, 
in mixture with soot or with moisture, is not easily 
suspected. It attracts not the unskilled engineman, it 
does its work without a rumble, or a fracture, or a 
blister. What fever, or the flush upon the cheek, or a 
catching cough is to the human frame, corrosion is to 
a boiler — a solemn warding. 



CHAPTER XVI. 

THE INDICATOR AND HOW TO WORK IT: WITH 
ILLUSTRATIVE DIAGRAMS. 

Indicator, 

Very accurate information respecting the character of 
steam and its behaviour in the cylinder, together with 
the condition of the valve and the motion, can be 
obtained by means of this instrument, originally in- 
vented by the celebrated VTatt, and subsequently im- 
proved by Richards, Richardson, and others. 

There is nothing so important about an engine as 
keeping the valve-motion in good working order. 
When the lead is absent, an unsteady action in the 
cylinder is set up ; when it is slightly deficient, a por- 
tion of the stroke is performed with steam of a pressure 
much under the boiler pressure ; when it is intact, and 
of the right amount, the engine works under the best 
conditions and with the minimum quantity of steam. 
How far this latter condition is attained can be f oimd 
out by means of the indicator without removing the 
steam-chest or exposing the valves. 

The instrument is not so highly appreciated as it 
deserves to be, for few private owners of engines know 
anything of its capability for telling tales, and the 
enginemen who know how to work it are few and far 
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between. Fig. 36 represents a normal indicator dia- 
gram. It was taken at a slow speed, when the steam 
and the valve had sufficient time to perform their 
movements with great regularity and precision, more 
than when the engine runs at a higher speed. To 
make such a diagram the valve must be in excellent 
working order and well trimmed. 

The indicator consists of a small steam cylind^. 
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Fig. 2S. — Normal Indicator diagram. 

fitted with a piston held down with a spiral spring. 
The instrument is screwed into the cylinder cover, 
and when the communicating cock is open to the 
steam in the engine-cylinder it acts upon the piston of 
the indicator, which is fitted at the top, outside, to a 
lever, which carries a pencil in contact with a piece of 
metallic paper coiled round a barrel fixed to the left in 
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a vertical position^ having upon its iace a graduated 
scale. 

The barrel turns on a vertical pivot, on which it 
receives a reciprocating movement by means of a cord 
attached to it at one end, and the other end to the 
cross-head of the engine ; the movement then of the 
barrel represents the stroke of the piston. The move- 
ment of the small indicator-piston represents the pressure 
of the steam at every point of the stroke. The move- 
ment of the either is independent of the other. When 
steam is admitted to the indicator, the piston rises and 
falls in obedience to the pressure tmdemeath it, pro- 
portionally compressing the spring, and the pencil rises 
and falls. The barrel is acted upon by the cord, and 
revolves to and fro. It should be stated that within 
the barrel there is a kind of watch-spring, which turns 
back the barrel to its original position as the engine 
finishes the reverse stroke. It should also be under- 
stood, that whilst the engine-piston moves, say, two 
feet, the length of a stroke, the motion of the barrel 
can be reduced by a system of levers or by a reducing- 
wheel to suit the length of the diagram required. 

Richardson's continuous indicator is represented in 
Fig. 27. In the interior of the barrel, or paper-cylinder, 
there is a receptacle for a roll of paper, the end of 
which is brought out through a slot. It is thence 
passed round the cylinder, and is inserted again into 
the interior, when it is caught by a slotted roller, 
which is worked in one direction during the motion 
of the paper cylinder. When the diagram has all 
been taken, the length of paper can readily be pulled 
off the roller. 

An indicator, Fig. 28, has recently been invented 
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by Mr. E. T. Darke. In this inatrnmeiit, every meana 
Las been taken to reduce the weight of the numng 




'Darke'a High-speed Indicator. 



parte, und consequently their momentum, so as to obtain 
more correct diagrams at high speed than can be taken 
firom other indicators. The piston hag an area of only 
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^ square inch. The spring is very small in diameter^ 
the piston-rod is hollow and short. The stroke of the 
piston is from ^ inch to f inch^ and the greatest length 
of diagram is 3^ inches. The pencil-motion is made 
of one piece of steel, fitted at one end to and sliding 
in a hollow cross-head on steel centres, and carrying at 
the other end a small sliding-block, through which the 
pin, or pencil as it may be called, passes. The pin 
moves upon the paper drum through a slot or guide, 
swivelled to the top of the steam cylinder of the indi- 
cator. There is, of course, provision made for the 
sliding of the pencil in the pencil-arm, to enable the 
pencil to follow a straight upright line, whilst the arm 
moves radially. The paper-drum is made available for 
the reception of the indicator-paper, which is placed 
in the interior in a roll — a continuous sheet — and may 
be drawn through a slot at the side as required, and 
torn off when a diagram has been taken. 

In fitting up the rigging for obtaining a diagram, 
long tubes should be avoided. When used they should 
not be smaller than the piston of the indicator, but 
slightly larger, so as not in any way to impede the 
motion of the steam. Bends in pipes should be easy ; 
pipes should be as short and direct as is possible, as 
each inch of pipe occasions a perceptible fall of pressure 
between the cylinder and the indicator. 

When the pipes are connected to each end of the 
cylinder it is a good plan to have a three-way cock at 
the point where the horizontal pipe connects with the 
vertical one leading up to the indicator. 

It is necessary, when taking diagrams at all, to take 
them from both ends of the cylinder. 

The assumption commonly made that, if the valves 
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are set equallv, the diagram from <me end will be fike 
that from the other, is erroneous. The speed of Ae 
piston is, at the outer end of a direct-acting engine^ bam 
'3 '!> to G6 per cent, greater than at the crank end ; Ae 
difference yarying according to the degree of sngdir 
vibration of the connecting-rod. In beam-enginfiB the 
speed of the piston is greater at the upper end of the 
cylinder. These and other causes, as port, lead, open- 
ing and closing, will make a difference in the diagnms 
from opposite ends of a cylinder. On horixontai 
cylinders the best place for the indicator is on the top, 
in a vertical position by means of piping. If it can- 
not be placed there, some convenient position must 
be found for it, by means of pipe rigging, care being 
taken to avoid as many bends as possible. On vertical 
cylinders it is often attached where the oil cup is fixed, 
but at the lower end it is frequently necessary to drill 
a hole in the cylinder between the bottom and the 
centre of the cylinder. Sometimes with double cylinders 
having parallel motion, it is necessary to drill a hole in 
the side near the top as well as the bottom. It would 
be well that these holes were always drilled in the shop, 
so that the burr could be removed properly and the 
drillings cleared out of the way. The motion for 
working the indicator barrel, by means of the cord, 
which should be hard and inelastic, may be taken from 
any part of the engine which has a motion coincident, 
or similar to that of the piston motion. For a beam 
engine, a point on the beam, near the beam centre, or 
on the parallel-motion rods where these are employed, 
\sill give the proper motion. The motion may be taken 
from the cross-head of an horizontal engine. A simpio 
plan, and a very good one, is to suspend a piece of 
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wood from the ceiling, or from anything above the 
motion, so that its centre of gravity, or point of rest, 
is right over the point .where the cross-head is when it 
is in the middle of the slide-bar, or rather when the 
piston is in the centre of the cylinder. The lower end 
of this slip of wood— or it may be of iron — is attached 
to the cross-head by a pin, projecting through a slot in 
the board, in which it should work nicely but not 
tight. While the lower end of the board, when attached 
to the cross-head, makes a stroke equal to that of the 
piston, the upper end remains stationary, and therefore 
between these two extreme points there is one to be 
found that will be equal to the required motion of the 
indicator barrel — thatisasaruleabout five inches. To this 
point a small coupling-hook can be attached on which 
the loop end of the cord can be placed and the other 
end attached, of course, to the barreL When the cord 
is too long it is best to reeve it through a strip of brass 
having three holes in it, which is better than making a 
knot in the cord. 

Another way of obtaining the required motion is to 
use a kind of weigh shaft, supported in two bearings, 
and placed exactly over the cross-head and fitted with 
two arms, one longer than the other, the long arm 
being connected by the cord to the cross-head, and the 
short arm to the indicator. The short arm must be 
keyed in such a position that when the piston is in the« 
middle of its stroke it will stand at right angles with 
the direction of the cord. The direction of the cord 
may form any necessary angle with the horizontal line, 
but must be at right angles with the weigh shaft. 

On locomotives, it is usual to take the motion from 
the cross-head, which motion is reduced from that of 
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the cross-head to that of the indicator somewhat in tlie 
manner described above, with a board suspended from 
a point in the hand rails on which is a proper lever 
that can be clamped, or otherwise fastened. To this 
lever the cord can be connected at a point sufficiently 
near to the hand- rail to give the required reduction of 
motion for the paper. The cord can in all cases be led 
into a horizontal direction by means of ptdleys to suit 
the position of the indicator barrel. 

On oscillating engines, the motion may be taken firom 
the brasses at the end of the piston-rod. If the stroke 
is long it is sometimes difficult to reduce this motion to 
that required for the paper, and in such cases it is 
necessary to take the motion from an eccentric on the 
main shaft to a point as near as possible to the trunnion, 
and thence to communicate to the indicator. There' 
must be no slack in the cord, and the barrel must not 
touch the stop. 

To take a diagram by the indicator, from the cylinder 
of a non-condensing engine, the first thing is to revolve 
the barrel. The pencil traces a straight line, which 
is called the atmospheric line, or the line which corre- 
sponds to the absolute pressure of the atmosphere, 
14*7 lb. per square inch. The cock is now opened, 
and steam is let into the barrel of the indicator. It 
does not signify at what point of the stroke this is 
done ; but to simplify the explanation, we will suppose 
that it is done at the commencement of the stroke a. 
Fig. 26. The steam then instantly drives the piston, 
and with it the pencil, upwards. The pencil rises as 
high as the pressure in the engine-cylinder will lift it, 
to the level b, where it remains so long as the pressure 
underneath it remains unchanged. Meanwhile the 
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barrel is pulled round, and no other change takes place 
until the point c is reached, where the steam is cut off 
by the valve, which closes the steam-port. Expansion 
commences, and the pressure in the cylinder is gradu- 
ally reduced to the pressure indicated by the point d. 
If steam of 100 lbs. total pressure, or 85 lbs. effective 
pressure, in the cylinder is cut off at 8 inches of the 
stroke, and is allowed to expand through another 
8 inches, the volume of the steam is doubled, and the 
total pressure is reduced one-half (to 50 lbs.), giving an 
effective pressure of 35 lbs. ; and if it is allowed to 
expand through another 8 inches of stroke, the volume 
is trebled, and the total pressure is reduced to one- 
third. This law of the expansion of steam is known 
as Boyle's law, or Mariotte's law, after the name of 
the discoverers ; and it constitutes the basis upon 
which calculations of the expansive action of steam 
are made. When it is known what the pressure of 
steam is in the cylinder before the valve closes the 
port, the pressure of the steam when the valve opens 
the port for exhaust can be calculated. At d the 
pencil suddenly drops, which is owing to the valve 
having opened the exhaust-port to the atmosphere or 
the condenser, and at once joins the atmospheric line 
at the eduction comer e. Now this indicates that the 
exhausted steam is cleared out of the cylinder. If 
there were any steam in the cylinder of a higher pressure 
than that of the atmosphere, it would act upon the 
piston of the indicator and prevent the pencil falling 
so low as the atmospheric line. 

Should the exhaust-steam meet with any obstruction, 
as too much inside lap, or contracted passages, the re- 
sistance will be shown by the elevation of the pencil 
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above the atmospheric line, which represents a dear 
cylinder. From e to /it will be seen that there is a 
small quantity of steam in the cylinder acting upon 
the indicator. As the piston advances beyond the 
point /, this steam is compressed, and, by Marietta's 
law, when the volume is reduced one-half, the pressure 
is doubled ; and if the volume is reduced one-half 
again, the pressure is again doubled. The gathering of 
the steam into a heap at the end of the cylinder, and 
its being compressed by the advancing piston, are re- 
flected by the indicator, which shows what compression 
there is. If there were no compression whatever, the 
piston would have no help in turning the centre. Com- 
pression acts as a cushion on which the piston changes 
the direction of its motion, and it prevents the change 
being sensibly felt in the movements of the engine. 

From /, then, the pressure is first raised in conse- 
quence of a small quantity of steam being compressed, 
and the pressure is augmented before the piston reaches 
the end of the stroke by the pre-admission of steam 
from the valve-chest, when the pencil of the indicator 
at once rises to h. The admission of the steam to the 
cylinder before the piston has finished the stroke is due 
to the lead of the valve. Too much lead causes too 
much counter-pressure, and too little lead gives rise 
to unsteady motion of the piston when turning tie 
centre. 

We have traced the formation of the diagram 
through one revolution, and have noted the point of 
admission, i, the point of expansion, c, the point of 
release, d, the eduction point, e, and the point where 
compression commences,/. 

A pair of indicator diagrams, taken from both ends 
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of the steam-cyKnder of a condensing engine, is illus- 
trated by Fig. 29. There the form of the diagram is 
less sharply defined than in Fig. 26, which represents 
a diagram taken at a very low speed. The annexed 
diagrams were taken at the regular working-speed of 
the engine. The treatment of the movements of the 




Fig. 29.~Indicator diagrams. 

steam may be traced as follows for the right-hand 
figure : — 



by Point of admission. 
be, Period of ditto. 

c, Point of expansion. 
cdj Period of ditto. 

d, Point of release. 



de. Period of ditto. 
/, Point of compression. 
fbf Period of ditto, 
y, Back-pressure. 



Defects as pointed out hy the Indicator. — If, instead of 
a nice sharp corner 6, Fig. 29, we get one slanting to 
the left, making a round large comer towards c, it 
shows that the valve is without lead, and that the 
excentric requires to be shifted a little more in advance 
of the crank, or it may be that the valve-spindle is too 
long. If the lead-comer h is too full, the valve has too 
much lead, and compression will commence early, and 
the excentric requires to be shifted towards the crank 
or backed. If the admission period slopes too much 
towards the expansion comer c, instead of showing a 
regular maintenance of pressure from h to c, it shows 

R 
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that the steam is wire-drawn^ that is^ that the steam is 
prevented, cither by the reguhitor or by the valve, from 
freely entering the cylinder, and that the pressure is 
reduced between b and c instead of being constant. This 
decline may be caused by the steam-ports not being 
properly proportioned, so as to admit sufficient steam 
through them in time to follow up the piston with a 
full pressure, and effect a full steam-line, or it may be 
caused by the steam being condensed in the cylinder, 
or by water primed over with the steanL It must be 
understood, however, that the maximum pressure in the 
cylinder is not absolutely maintained along the whole 
of the admission-line with perfect regularity, as the 
reduction of pressure and the absence of sharp comers 
at the expansion-point and the release-point is partially 
due to speed, and partially to the valve closing the 
ports gradually to the steam, and not suddenly cutting 
off or suddenly releasing it. 

The maximum opening of the port is attained mid- 
way between the admission-point and the point of cut- 
off; and it is here that the valve begins to close, and it 
may be stated that at all ordinary speeds the steam reaUy 
begins to expand before it is actually cut-off. That it 
is so, is demonstrated by the declining line b c upon 
the diagram. Fig. 29. After the steam is actually cut 
off, it is no longer subject to any change, with proper 
working valves, except that which is fixed by the law 
of expansion, and the line from ctod should be nearly 
hyperbolic in its character — that is to say, the curve 
should follow Boyle's law. But there are many causes 
operating within the cylinder to prevent the steam ex- 
panding precisely according to that law. If the 
cylinder is colder than the steam, then condensatioiv 
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plays a part. If the steam is accompanied with water, 
or if water is already in the cylinder, the temperature 
of the steam will rapidly fall. It is in the interval 
between c and d — the expansion period — where we 
must look for signs of a valve leaking. By referring 
to Fig. 30, it will be seen that the expansion-curve is 
convex at b instead of being concave, which is caused by 




Fig. 30. — ^Indicator diagram showing the effect of leakage. 

the valve "blowing," and admitting steam to the 
cylinder, when it was supposed to have been cut clean 
off. The form of the expansion-curve is modified by 
the extra pressure thus caused disturbing the indicator, 
and raising the pressure of the steam in the cylinder 
when the pressure should have been more regularly 
decreasing. 

The expansion line and the exhaust line run into 
one apparent curve, for at working speeds the whole of 
the steam does not immediately leave the cylinder 
when the exhaust is opened, and the portion lingering 
behind regularly expands to the end of the stroke. 
That steam produces a useful effect on the piston after 
the exhaust is open, is seen in the indicator diagram, 
of which the area is augmented by the exhaust-pressure 
in the later portion of the diagram. If the eduction cor- 
ner, Fig. 29, is rounded too much, and the back-pressure 
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line remains too far from the atmospheric line with 
excessive and early cushioning at /, it is a sign that 
the valve, having too much inside lap, cannot clear the 
cylinder of steam before the port is closed. When 
engines suffer from this defect, they are said to be 
" wrapped '* up, and a considerable proportion of power 
may be lost by excessive compression. If the exhaust- 
line runs up at the point of compression^ and attains 
a considerable height, forming a large comer before 
the steam is admitted, it shows that the valve requires 
more lead, in order to admit sufficient steam to the 
piston to keep up the working speed and pressure at 
the turn of the stroke. If the opening of the port for 
the admission of steam is late, the cidmission-comer is 
rounded off as already stated. So we have gone round 
the diagram. 

When a diagram exhibits defects, the first thing is 
to observe whether the defects are shown all round the 
diagram. If they are, they may be rectified by shifting 
the excentric. If all the movements are late, the 
excentric must be moved forward ; and if they are too 
early, it must be shifted backward. But if the defect 
is only local, and confined to one edge of the valve, 
then the remedy is to shorten or lengthen the valve- 
rod. Suppose the slide was producing a good diagram, 
and that for the sake of experiment the excentric was 
advanced, all the points of distribution would be 
affected, of course. The admission would be earlier, the 
cut-off earlier, the exhaust earlier, and the compression 
earlier. If we obtained in practice a diagram showing 
that all these points took place too early, the backing 
of the excentric would effect the required alteration- 
Again, if the valve be right, and the excentric be then 
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backed, all the points — admission, cut-off, exhaust, and 
compression — ^would be affected, and the steam would 
be late everywhere. The piston would reverse its 
course before steam was admitted, the expansion would 
not take place until the piston was well down the 
cylinder, and the exhaust would take place when the 
piston was about to change its course again ; and this 
last defect would be the cause of much back-pressure 
on the piston. 

Causes affecting the edges of the valve. — Suppose the 
slide of an engine working all right and that the slide- 
rod were to be shortened ; the effect would be that the 
steam would enter the cylinder on the top stroke 
earlier, but the cut-off and the exhaust would be later. 
For the bottom stroke, of course, the very opposite 
effects would occur. The steam would be late in 
entering the cylinder ; it would be cut-off and exhausted 
earlier. If the valve-rod were lengthened, that which 
happened to the top stroke with a shortened valve-rod 
would now occur on the bottom stroke, and what 
occurred on the bottom would happen on the top. For 
instance : in vertical engines it is necessary to give 
more steam on the bottom than what is given to the 
top, to coimteract the weight of the piston and the 
connecting-rod and to assist in making the up- stroke. 

Figure 31 is a diagram taken from a vertical engine, 
and it shows that the engine received more steam on 
the top than on the bottom. This engine, to all ap- 
pearance, worked well, though it laboured heavily 
when making the downward stroke. To any one not 
experienced in detecting defects, the engine seemed 
perfection, but a slight increase of steam admitted at 
the bottom made an unlooked-for improvement. The 
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engine turned the dead centre with ease, and ran 
freely at high speed with less thumping and consuming 
less fuel. 

Here was a case which affected the edge of the 




Fig. 31. — Indicator diagram from a vertical steam-engine. 



valve. How was the improvement to be made? 
What did the valve require ? It required to be raised, 
and that was accomplished by inserting a V^'i^ch 
liner between the butt-end of the excentric-rod and 
the excentric-hoop. 

This card. Fig. 32, was taken after the alteration of 
lifting the valve iV-inch was done. It will be seen 
from this example that, if the engine had happened to 
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Pig. 32. — Indicator diagram from a vertical cylinder, after the valve 

was re-set. 



have too much steam on the bottom, the necessary 
alteration could have been effected by taking out a 
liner or shortening the rod. 

To work out Diagrams. — In compound condensing- 
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engines the steam is either exhausted directly from one 
cylinder into the other, or it is exhausted into an 
intermediate receiver, whence it is admitted into the 
second cylinder. The second plan is followed when 
the high-pressure and low-pressure cylinders work 
through their connecting-rods on cranks at right 
angles to each other ; because, as is evident, when one 
piston is at the end of the stroke the other piston is 
at about half way, and the receiver is required for 
holding the exhaust-steam from the high-pressure 
cylinder until the low-pressure piston arrives at the 
end of the stroke, and is in readiness to receive it. 
After the steam has worked the low-pressure piston 
to the end of the stroke, it is then exhausted into the 
condenser. Such is the arrangement of the engines 
from which the cards were taken which we are about 
to examine. 

The double diagram. Fig. 33, taken from the top 
and the bottom of the cylinder, is divided into ten 
equal parts ; there are nine whole parts, and the two 
smaller ones at each end are equal to one whole, 
making ten equal parts. 

The scale, said to be -jV-iiich, represents 1 lb. pressure 
per square inch of steam on the piston for each 
TjV-iiich. Fot so many -jy-inches as are contained in the 
ordinates to the atmospheric-line reaching between the 
steam-line and the exhaust-line there are as many 
pounds of pressure per square inch upon the piston. 

Taking the diagram from the bottom of the cylin- 
der, ordinate No. 1 is found, by measurement with a 
rule, to contain 44 thirty-seconds of an inch, and 
44 lbs. is set down beside it. At No. 2 there are 
42 thirtv-seconds of an inch, and so on to the 
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teiitli ordinate. SummiDg np the ten entries of pres- 
sure there is a sum of 230'5 lbs. This diTided by 10 
gives 23'05 lbs,, which is the mean-pressure of the 
steam for the whole of the bottom stroke. 

The top side is calculated in the same way, and 
gives 2205 lbs. for the mean-pressnre. The sum of 
2305 lbs. and 2205 lbs. = 45-10 lbs., and this divided 
by 2 gives 22'55 Jbs. mean-pressure for one double 
stroke. 

The diagram. Fig. 34, is calculated in the same way 




Fig, 33. — Indicator diagrams- 



Strolte, 45 inches. 
Steam cut ofi'. Ifi iDchea travel of 
t. per »quare inch. Indicated hone- 



Diametor of cylinder, 441 
Revolutiona, 45 per min- 

piston. Steam pressure, 4( 

power, 3ql ' Q6. 



as the one just explained, but when dealing with a low- 
pressure diagram there are several points to be noticed. 
The diagram made by the indicator-pencil is nearly 
all below the atmospheric-line, as the steam in tbe 
low-pressure cylinder was acting on the piston against 
a vacuum formed on the other side of it, and therefore 
it was doing useful work, instead of having to overcome 
atmospheric resistance, which had been removed by 
the condraiser and air-pump. The power exerted by 
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the steam upon the piston is thus made available for 
working the machinery. In the diagram imder con- 
sideration, the steam was admitted to the cylinder just 
a little above atmospheric-pressure, but acting upon a 
piston and in a cylinder from which the atmosphere 
had been withdrawn, we see from the diagram the 
steam expanded to 10 lbs. below the atmospheric-line. 
This additional work was obtained by condensing the 
steam and pumping the air out of the cylinder, so that 
the piston was free to descend when urged by low- 
pressure steam. 

The total number of pounds pressure = 12-90 lbs. 
for the top and bottom stroke, which divided by 
2 = 6'45 lbs., for the mean-pressure on the piston 
throughout one double stroke, or for one revolution of 
the engine. 




Fig. 34.— Indicator diagrams — measurement of power. 

Diameter of cylinder, 79 inches. Stroke, 45 inches. Scale, ^. 
Revolutions, 45 per minute. Pressure in receiver, IJ lb. per square 
inch. Indicated horse-power, 323f . 



To work out the Indicator Horse-power, — The measure 
of a horse-power is a working force that will raise 
33,000 lbs. one foot high in one minute, or it may be 
defined as 33,000 /oo^-pounds in one minute. Indi- 
cated horse-power is ascertained from diagrams taken 
with the indicator from the top and the bottom of the 
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cyKnder of the engine when at work. The mean or 
average pressure during the stroke having been ob- 
tained in the way we have explained, the calculation 
is generally made by squaring the diameter of the 
cylinder, and multiplying the product by '7854, which 
gives the area of the piston, on which the pressure of 
the steam is exerted, then multiplying by the mean or 
average pressure per square inch throughout the stroke, 
then by the stroke, then by the number of revolutions 
made by the engine per minute. The product expresses 
the total work done in one minute. This total is 
divided by 33,000 to find how many times 33,000 lbs. 
have been lifted one foot high in the minute. The 
quotient is the actual indicator horse-power. 

Example from the indicator card we have examined, 
worked out, at the end of this work. 

Nominal Horse-power is generally calculated from 
the area of the piston as a datum, without any reference 
to the speed of the piston or to the pressure. It may 
be judged that the term may have very various signi- 
ficance. There is no fixed area for horse-power. The 
term is simply a commercial expression. 

Or, if we find the common multiplier of any particu- 
lar engine, or number of engines, which, so long as the 
diameter of the cylinder and speed of the piston 
remain the same, the common multiplier will answer 
on all future occasions. 

To find this common multiplier, multiply the area 
of the piston in inches, by the speed of the piston in 
feet per minute, and divide the product by 33000. 
The quotient equals the common multiplier, or the 
number of horse-power that each pound of effective 
force on the piston will drive. Then multiply the 
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effective mean pressure, as found by diagram, by the 
common multipKer ; tbe quotient is tbe indicated 
horse-power of the eugine. Thus, Fig. 33 — 

1537-8622 area of cylinder 

337*5 speed of piston in feet per minute 

76993110 
107650354 
46135866 
46135866 



33000)519029-49250(15-7281 
33000 



189029 
165000 

240294 
231000 



92949 
66000 

269495 
264000 

54950 
33000 

21750 

15-7281 

22*55 mean effectivo pressnro 



786405 
786405 
314562 
314562 

354-668655 Ans. 354-67 I.H.P. 



The consumption of coals per indicator horse-power 
per hour is found by dividing the number of poxmds 
of coal consumed by the product of the indicated 
horse-power and the time in hours. The quotient is 
the quantity consumed per horse-power per hour. 
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Suppose diagram Fig. 33 represents an engine 
using 34 tons per week of 68 hours, then the coal con- 
sum ed per horse per hour is 3*7 lbs., or, say, 3 J per 
horse. Thus — 

2240 X 34=76160 I'ja. of coal per week 
3.54G6 X 58 =» 20670 divisor 

Then— 

20670)76160(3-68 lbs. per horse-power 
G2010 



141500 
124020 

174800 
165360 

9440 



CHAPTER XVII. 

ARITHMETICAL CALCULATIONS FOR ENGINEMEN. 
SIGNS USED IN CALCULATION. 



= 8i| 


giiifi 


es Equality 


as 3 added to 2 « 5 


+ 


» 


Addition 


„ 4 + 2 =6 





>i 


Subtraction 


„ 7 - 2 =5 


X 


>» 


Multiplication 


„ 6 X 2 =12 


• 


>> 


Division 


,,12 + 2 = 6 


• • • • 

• • • • 


>» 


Proportion 


„ 2 is to 3 as 4 is to 6 


V 


>i 


Square root 


„ VIG = 4 


V 


i> 


Cube root 


,,3^64 = 4 


32 


>» 


3 is to be squared 


„ 32 = 9 


33 


}> 

)> 


3 is to be cubed 
that 2 and 5=7, 


„ 33 = 27 


2 + 5X4 


and four times 7 = 28 


^52 — 32 = 


4. 


This reads, 3 squared taken from 5 



V 



squared, and the square root extracted . = 4 



^"^ ^ = 1-587, reads, 10 multipHed by 6 and divided 

by 15 ; the cube root of the quotient . . = 1-587 



SIMPLE FROFORTION. 



When we have three numbers given, this rule teaches 
how to find a fourth number, which mav have the same 
proportion to the third number that the second has to 
the first. 

Thus, if the three given numbers be 3, 9, 4, it is 
required to find a fourth number which will have the 
same proportion to 4 that 9 has to 3 ; now the 9 is 3 
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times the 3, therefore the required number must be 3 
times the 4, that is 12. 

To express proportions the numbers are put down 
thus 3 : 9 : : 4 : 12, and reads thus 3 is to 9 as 4 is to 12. 

Rui.E, WITH Example. — Place them thus 3 : 9 : : 4 
and multiply the second and third numbers 4 



together, and divide by the first. 3) 36 



12 Ans. 



To 3. 6. 12 find a fourth proportional. Answer, 24. 

f» "• 1^« 4 „ y, yy 8. 

„ 10. 150. 68 „ „ „ 1020. 

„ 68. 1020. 10 „ „ „ 160. 

If 4 lbs. of tallow cost 20 pence, what will 16 lbs. 
cost? 

Rule, with Example. — In this question there are 
two things mentioned, tallow and money ; the answer 
required is the price, money, 

Put down the money — 20 pence — for the third term. 
This is always so, that is, the third term is of the same 
kind as the answer required, and this is worth remember- 
ing. If the answer is to be greater than the third term 
the greater is placed second, and if it is to be less it is 
placed first, and the less, of course, second. The ques- 
tion before us requires an answer greater than the 
third term, and is worked out thus — 

4 lbs. : 16 lbs. : : 20 pence 
20 



4) 320 

80 pence = 6s. 8d. Ans. 

If 6s. 8d. will purchase 16 lbs. of tallow, how many 
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pounds will Is. 8d. buy ? Here the answer is to be less 
than the third term, and it is pounds of tallow and not 
money ; therefore observe, 



Pence. Pence. 
80 : 20 : 
16 


lbs. 
: 16 


120 
20 




80) 320 




4 lbs. 


Ads. 


DECIMALS. 



By decimals are meant tenths. Decimal arithmetic 
is the simplest possible method of working calculations. 

It is worthy of special attention that, in decimals, 
the dot performs a very important part : separating 
integers from ciphers, or the fractional parts from a 
whole. Decimals, contrary to vulgar fractions, are 
written in one line like integers ; and they are, in all 
respects, worked out in a plane-sailing way. 

Decimal fractions are written thus . . . '25 : '5 : '76 : 

Their equivalents in vulgar fractions are written . i J f 

The value of a decimal is altered by placing ciphers 
to the left, but not by placing ciphers to the right. 

Thus '05 zz: T^TT ; and, by placing a cipher to the left, 
the decimal becomes -005, or -yo^-q' which is ten times 
less than -poir- 

ADDITION OF DECIMALS. 

Add 4-15 ; -002 ; -3 :— 

4-15 
•002 
'3 

4*452 
Observe the position of the dot. 
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STJBTRACnON OF DECIMALS. 

HuLE. — If the number of decimal places be not the 
same in all the fractions, annex so many ciphers to the 
right hand as will render it so. We do not alter the 
value of the fractions so supplied, but they are reduced 
to the same denominator. 

Subtract 106-125 from 125-5. 

125-500 
106125 



19-375 Ans. 19f. 



MULTIPLICATION OF DECIMALS. 

Rule. — Arrange the numbers as if they were in- 
tegers. 

Multiply 148-74 by 2-67. 

148-74 \ Observe 4 decimal 
2-67 j figures used. 



104118 
89244 
29748 



397-1358 (Four Decimals cut oflf.) 

Note. — Count the number of decimals in both the 
multiplicand and the multiplier, and point off as many 
figures from the right hand of the product. 

Multiply -02 by -045. 

•02 
-045 



■00090 



In counting the number of decimals in the multipli- 
cand and multipKer to point off in the product, if there 
are not sufficient figures in the product, place cipher, 
to the left, and prefix the dot as above 
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DIVISION OF DECIMALS. 

Rule. — Divide as in whole numbers, and mark off 
in the quotient as many decimal places as the dividend 
has more than the divisor. 

Divide 72-125 by 6-25. 



Dvsr. Dividnd. Quot. 

6-25)72-1256(ll-54 
62 5 


9 62 
6 25 


3 375 
3 125 


2500 
2500 



The cipher in the dividend is brought in and shown 
above as making the number of decimals in the 
dividend equal to the number in the divisor and quo- 
tient together. 

EEDVCTION. 

To reduce a Vulgar Fraction to a Decimal. 

Rule. — Divide the numerator by the denominator, 
annexing as many ciphers to the numerator as may be 
necessary. Point off as many decimal places in the quo- 
tient as there are ciphers annexed to the numerator. 

Reduce ^ to a decimal. 

4)100 Observe 2 ciphers added. 

•25 Ana. „ 2 decimals cut off. 
S 



258 



STATIONARY ENGINE DRIVING. 



Reduce I to a decimal. 



AA 



4)30U 
•75 Ana, 



Reduce ^ to a decimal. 



AAA 



8)7000 
•876 



The annexed table, of decimal equivalents of the 
fractional parts of an inch, is calculated as above. 



VnlgarFractloiL Decimal Equiyalent. 



A 

A 



•03125 

•0626 

•09376 

•126 

•16626 

•1876 

•21876 

•26 

•28126 

•3126 

•34376 

•375 

•40626 

•4376 

•46876 

•6 



Vulgar Fraction. Dedznal EqniTalent 
h '53125 

V -6626 

fj -59376 

•626 
h •65626 

h -6876 

?if -71875 

•76 
k -7812 

^ -8126 

h -84376 

•876 

h -90626 

^ -9375 

fir •96876» 

1000 



To reduce Monet/, Sfe. 

Rule. — Divide by as many of the lower denomina- 
tion as make one of the higher, annexing ciphers at 
will. If there be several denominations, proceed in the 
same manner with each, beginning with the lowest 
denominator. 



* Beads — Decimal nine six eight seven five. 
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Reduce 12s. 8jd. to the decimal of a pound sterling. 

(4 farthings =1 penny 4)100 
(12 pence=l shilling 12)8-2500 



(20 8hillings=£l 20)12*68750 



•634376 ndecimal value of 128. Sjd. 



To re- value this decimal, multiply it by the various 
fractional denominations of the whole number, cutting 
off from the right hand of each product, for decimals, 
a number of figures equal to the number of decimals 
given, then multiply the remainder by the next lower 
denomination, and proceed until the lowest is reached. 



•634375 
20 


6 decimals. 


12-687500 
12 


6 decimals cut off. 


8-260000 
4 


»» f* 


1-000000 
Ans. 


12s. 8^. 



To find the Value of a Decimal. 

Rule. — ^Multiply the decimal by the number of the 
next lower denomination which is equal to one of its 
present denomination. Cut off as many places as there 
are places in the multiplicand. 

Find the value of '7d foot. 

•75 

12 
9 00 Ans. 9 inches. 
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Find the value of -3875 of a £. 

•3876 
20 



7-7600 
12 



9 0000 Ana. 7b. 9d. 



Find the value of '375 ton. 

•376 
20 



7-600 
4 



2*000 Ans. 7 cwt. 2 qrs. 



INVOLUTION. 



When a number is multiplied by itself, the product 
is called a power, and the number multiplied is called 
the root. 

Thus 2x2 = 4. Here 4 is the square or second 
power of the root 2. Again, 2x2x2 = 8. Here 8 
is the third power of 2. 

EVOLUTION. 

Evolution is the method of finding the root of a 
number. 

To extract the square root of any given number is to 
find a number which, when multiplied by itself, will 
produce the given number. 

Extract the square root of 55225. 

Rule, with Example. — Divide the given number 
into periods, that is, set a dot over the unit and right- 
hand figure, and then over every alternate figure 
towards the left. Find the square root (2) of the first 
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period (5), and place it in the quotient. Subtract the 
square of it (4) from the first period (5), and to the 
remainder annex the next period (52) for a dividend. 
Double 2, the root already found for a divisor, and 
place it (4) to the left of the dividend, looking upon it 
as 40 and not 4. After finding that this divisor (40) 
will go 3 times in the dividend (152), place the figure 
representing the number of times in the quotient, and 
also in the divisor, making the latter 43; then multiply 
the 43 by 3, and subtract the product. Bring down 
another period (25). 

In forming the second divisor, 465, double the 
last figure (3) in the first divisor, and look upon it 
as 460. After finding that this divisor (460) will 
go 5 times in the dividend, place the 5 in the quotient 
and divisor, making the latter 465 ; then multiply the 
465 by the 5 just placed in the quotient, and sub- 
tract the product, which leaves nothing; 235 being 
the answer. 

5522^(235 
4 



43)162 
129 



465) 2326 
2326 



What is the square root of 177241 P 



177241(421 
16 



82) 172 
164 

841) 841 
841 
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EXTRACTION OF THE THIRD OR CUBE ROOT. 

To extract the cube root of any given number is to 
find tt number which, when multiplied twice by itself, 
will produce the given number. 

Rule, and Example. — Make a dot over every third 
figure, beginning at the unit or right-hand figure point 
to the left with whole numbers and towards the right 
in decimals. 

What is the cube root of 884736 ? Place the root (9) 
of the first period (884) in the quotient, on the right, 
and its cube (729) under the first period (884). Sub- 
tract, and to the remainder (155) bring down the next 
period of three figures (736). Multiply the square of 
the quotient (9x9 = 81) by 300 for a divisor. Find 
how often it is contained in the dividend, and put the 
number (6) in the quotient. Multiply the divisor (24300) 
by this number (6). Add to the product the amount 
of all the figures in the quotient (9), multiplied by 30 
— except the last (6) — and the product by the square 
of the last. 

To these figures add the cube of the last figure in the 
quotient, and subtract the sum of the whole from the 
dividend; thus — 

^884736(96 Ans. 
^729 



9 X 9 X 300 = 24300)165736» 

146800 = divisor X 6 
9720 = 9 X 30 X 62 
216 cube of 6 



155736* see figs, in dividend above. 



Another way : — 

What is the cube root of 10648 ? 
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^10646(22 



2X2X3 = 12)26>^S 



Here, after squaring the root of the first period, we 
multiply it by 3 = 12, and, rejecting the units and 
tens, we find the divisor is contained twice in the divi- 
dend, which is put in the quotient, making 22, the cube 
root of 10648. 



Proof— 22 

22 

44 
44 



484 square of 22 
22 

968 
968 



10648 cube of 22 



MENSURATION, ETC. 

The kinds of measurement are three, viz., Lineal, 
Superficial, and Solid. 

Lineal measure respects or refers to length only, as 
twelve inches. Superficial measure refers to length and 
breadth, as twelve inches in length, and twelve inches 
in breadth = 144 square inches, which is equal to 
1 square foot. Solid measure refers to length, breadth, 
and depth, as twelve inches in length, twelve inches in 
breadth, and twelve inches in depth = 12 in. x 12 in. 
X 12 in. = 1728 cubic inches = 1 cubic foot. 

Lineal Measure. — A connecting-rod of an engine is, 
say, 6 feet 6 inches from the centre of the big end to the 
centre of the little end ; from the centre of the big end 
to the outside of the strap the length is 6 inches ; from 
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the centre of the little end to the outside of the strap 
the length is 4 J inches. Required the total length. 

C ft. C in. + 6 in. + 4J ID. = 7 ft. 4i in. 

Superficial Measure, — A slab of iron is 12 feet 6 inches 
long and 1 foot 3 inches broad. What is the superficial 
measurement or area of the slab ? 

This can be found in four several ways, viz., by 
Decimals, by Whole Numbers, by Cross-Multiplication, 
and by Practice. Thus — 



(1) Decimals. 

12-5 
1-25 


(2) Whole Nnmbers. 

150 inches 
15 inches 




625 
250 
125 


750 
150 

144)2250(15 feet 
144 

810 
720 


Feet 
Inches 


15,625 
12 

7,600 
4 

2,000 


Quarters 


90 
12 






14 i) 1080(7 inches 
1008 






72 

4 






144)288(2 quarters 
288 


(8) By Cross-Multiplication. 

12 -6 
1 -3 


• • • 

(4) By Practice. 

12 -6 
1 -3 



12 -6 
3 -1 -6 



12 -6 
S«i 3 -1^ 



15 7 -6 



157J 
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Although the fourth method is the shortest, the first is 
much more generally practical, under the many changes 
which crop up in dealing with fractional parts ; and in 
order to initiate enginemen into the practice of using 
them, we have given examples how to work them. 

Solid Measure. — A block of iron is 12 inches long, 
12 inches broad, and 12 inches deep. How many cubic 
inches does it contain ? 

12 
12 

144 

12 

1728 cubic inches. 

A sheet of iron is 120 inches long, and at one end it 
is 34 inches wide, and at the other end 10 inches. What 
is the superficial measurement P 



Inches. 
34 
10 

i)44 

1 foot 10 inches == inches 22 The medium between the 

^^ least and greatest leogth. 

ft. in. 

10 

1 10 



10 
8 4 



Ans. 18 4 



Solid Measure, — ^A block of iron is 12 inches long, 
12 inches broad, and 12 inches deep. How many cubic 
inches does it contain P 
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12 
12 

144 
12 

1728 caUc iiichet = 1 cobie fboi. 

A boiler-plate is 6 feet 9 inches long, 4 feet 6 inches 
wide, and i ths of an inch thick. How many cubic inches 
does it contain ? 

Jjinmih = Sl inches 
Width =64 n 

324 
405 



4374 X } 
3 



8)13122 



1640-25 



Ans. 1640^ cubic inches. 

To calculate the indicated horse-power from an in- 
dicator diagram. Fig. 33. 

^ X -7864 X 22-55 lbs. X 7-5 X 45 

33000 

High-pressure cylinder 44 '26 diameter of cylinder in inches 

44-25 



22126 
8850 
17700 
17700 



1058*0625 square inches 
•7864 



78322600 
97903125 
16G644040 
137064376 

1537'86222760 area of piston 
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1637-862227o0 area of piston 

22*55 mean-pressure obtained from in 

dicator-card 

768931113750 
768931113750 
307572445500 
307572445500 



34678-7932301250 total pressure 

7*5 twice the stroke, 3 ft. 9 in. X 2 

= 7 f fc. 6 in. ; or by decimals, 

1733939661506250 7-5 ft. 
2427515526108750 



260090-94922693750 work done in one stroke in foot 

pounds 
45 revolutions per minute 

130045474612968750 \ work done per minute 
104036379690375000 j lbs. lifted per minute 



33,000)11704092-7l616718750(354-669 
99000 



180409 
165000 

154092 
132000 



220927 
198000 

229271 
198000 

312715 
297000 

15715 



Ans. Indicated horse-power, 354J. 

It will be observed we first multiply the diameter by 
the diameter (44*25 x 44*25) using decimal arithmetic, 
which is the simplest possible method of working cal- 
culations where there are fractional parts. The product 
is multiplied by '7854 to find the area of the piston, or 
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the number of square inclies on wln'ch tlie steam can 
act. Wo then multiply by the mean-pressure of the 
steam, which we found from the indicator diagram to be 
22*55 lbs. per square inch, which gives the total pres- 
sure exerted on the face of the piston (34678f lbs.) . This 
pressure is exerted throughout the top and the bottom 
stroke ; and therefore it is multiplied by the length of the 
two strokes in feet (3 ft. 9 in., or by decimals, 3*75 ft. 
X 2 = 7*5 ft.), which gives the work done in one re- 
volution, or the pounds lifted one foot high in one revo- 
lution ; and as these pounds are lifted one foot high forty- 
five times a minute, we multiply by 45 revolutions, and 
therefore obtain the total number of pounds raised one 
foot high in one minute. This total divided by 33,000 
lbs., which is the number of pounds a horse is supposed 
to lift one foot high in one minute, shows how many 
horses it would take to do the same work in the same 
time. What is understood is this : steam, having a 
pressure of 22J lbs. per square inch, moving a piston, 
whose area is 1,537 square inches, at the rate of 337 
feet per minute, is exerting a force capable of resisting 
the joint efforts of 354 horses, or the power is equal io 
354 indicator horse-power. 

To obtain the indicated horse- power from a diagram, 
Fig. 34. 

^ X '7854 X 6-46 lbs. X tirice the stroke X 46 

33000 

Low-pressure cylinder 79 diameter of cylinder in inches 

79 



711 
553 



6241 circular inches 
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6241 circular inches 
•7864 



24964 
31205 
49928 
43687 

4901*6814 area of piston in square inches 

6*45 mean-pressure obtained from indicator 
diagram 



245084070 
196067256 
294100884 



31615*845030 total pressure 

7*6 twice the stroke, 3*75 X 2 = 7*5 

158079225155 
221310915210 



237118*8377255 work done in one stroke, foot-lbf. 
45 revolutions per minute 

11855941886275 
9484753509020 



33000)10670347*6976475(323*343 
99000 



77034 
66000 

110347 
99000 

113476 
99000 

144769 
132000 

127697 
99000 



28697 



Ads. Indicated horse-power, 323} nearly. 

Another way. By using the constant logarithm from 
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u table, the number of figures used is mucb rednced, 
and the result is the same. 

Taking the same diagrams and particulars as before. 
The first point is to find at what speed per minute the 
engine is running. 

3-76 feet 
46 roYolutions 



1876 
1500 

16875 
2 



337*50 feet per xninnte 



Then— 



By constant log. X feet per minute X by mean-presnire. 



High-pressure cylL 

-046601 
337-5 


ader. 

log. 
speed 

mean-pressure 

w&r combined — 

High-pressure 
Low-pressure 


Low-pressure cylinder. 

-148635 log. 
337*6 


233006 
326207 
.39803 
139803 


742676 
1039746 
445606 
445605 


15-7278375 
22-56 


50-1305625 
6-45 


786391876 
786391875 
314556750 
314556750 


2506528125 
2005222500 
3007833750 


323*.'?42128125 


354-662735625 
Indicated horse-po^ 




354*662 
323-342 




678-004 



PRESSURE PER SQUARE INCH OP PISTON. 
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Required the average effective pressure per square 
inch on the piston of an engine. 

Rule. — {a) Find the area of the piston by squaring 
the diameter of the cylinder, and multiplying it by 
•7854 ; multiply by twice the stroke, and by the num- 
ber of revolutions per minute, {li) Multiply the indi- 
cator horse-power by 33,000, and divide the product by 
the product a. The quotient gives the answer. 

Example. — ^Diameter of cylinder, 44 J inches; length 
of stroke, 45 inches ; revolutions per minute, 45 ; indi- 
cator horse-power, 354f . 



354-669 
33000 


44-25 
44-55 


1064007000 
1064007 


22125 
8850 
17700 
17700 


11704077000 




1958-0625 
•7854 




78322500 
97903125 
156644940 
137064376 




1537-86222750 
7-5 




768931113750 
1076503559250 




11533-996706250 
46 




57669983531250 
46135986832000 




519029-851851250 
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AAA 



519029-8518) 1 1704077000000(22-54 
10380597036 



13234791640 
10380597036 

28541946040 
2595149259C 

25904536500 
20761194072 

5143342428 



Ana. 22-54 lbs. per square inch of piston. 

Required the number of cubic feet of steam consumed 
per hour by an engine. And also the steam — equiva- 
lent as water at a given pressure. 

Rule. — Square the diameter of cylinder ; multiply 
by '7854, by the number of revolutions per minute, by 
60, by double the stroke in inches, and by the cut-off, 
divide by 1728, and by 437, and multiply the product 
by 62-5. 

Example. — Diameter of cylinder, 44^ inches; length 
of«Btrok€^ 45 inches; revolutions per minute, 45 ; steam 
cut-»off at one-third of the stroke ; pressure of steam, 45 
lbs. Der square inch. 

44*25 — diameter of cylinder 
44-25 



22125 
8850 
17700 
17700 

1958 0625 = diameter squared 
•7864 



78322500 
97903125 
156644940 
137064376 

1637-86222750=area 
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Cut off= J 


1637.86222760=area 

45 rovolutions 


768931113760 
615150891000 


69204-40023750 

60 minutes in hour 


4152264-01425000 

90 stioke 45 X 2 


)373703761-28250000 


1728 inches in ) ^^o 
a cubic foot } 


124567920-42760000 


12 


1038066003562600 


12 


86606600296800 




72087-91691400 


^72088(164-96 cubic f< 
437 W< 

2838 
2622 


Bet 165 
)ight of a cubic foot of water 62-5 

825 
330 
990 


2168 
1748 


10-312 


4200 
3933 


2670 
2622 

• • • • 



Answers : — 

Cubic feet of steams 72,088. 
Water evaporated =10*312 lbs. per hour. 

A tank is 8f feet long and 4j feet broad. What 
height must it have to contain 1,210 gallons ? 

Rule. — Multiply the number of gallons (1,210) the 

* Tho rclntivo volume of stcnm at this pressure, 45 lbs., compared 
with water from which it was raised. 



274 STATIONARY ENGINE DRIVING. 

tank is required to contain, by '16,* or divide by Gj ; the 
result 18 the contents in cubic feet. Then multiply tlie 
length by the breadth (8-75 x 4*25), and the result is 
the area of the bottom of the tank. Then divide the 
contents in cubic feet by the area, and the product is the 
height in feet and decimals of a foot. 

OaUons Feet 

1210 8-76 

•16 4-25 



7260 4376 
1210 1760 
3600 



193*00 cubic feet of water. 



37*1876 area of tank bottom. 



Cubic Feet 

37-1876)193-60666(6-206 
1859375 12 



766260 2-472 
743760 



2250000 
2231250 

18760 



Ans. 6 ft. 2J in. nearly. 

A tank is 7 feet long and 3 feet 4 inches broad. What 
height must it have to contain 900 gallons ? 

Ans. 6 ft. 2 in. 

The stroke of an engine is 30 inches ; the slide-valve 
travel is 5 inches ; the lap is I5 inches, and the lead 
iV inch. At what distance from the end of the stroke 
will the piston be when the steam is cut off ? 

Rule. — Multiply the lap by 2, and add the lead ; 
divide the sum by the travel, square the quotient, and 

* 1 gallon of water ='16 cubic foot. 
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multiply it by the length of stroke ; the product is the 
distance of piston from the end of stroke when the 
steam is cut off. 



Lap = 1*5 
2 

3-0 
Lead ■= -0625 


6 


Travel=5)3-0625 




•6125 
•6125 




30625 
12260 
6125 
36750 




•37516625 
Stroke = 30 




11-25468760 




Ads. 11^ in 





Required the weight to be placed at end of a safety- 
valve lever, to give a blowing-off pressure equal to 
20 lbs. per square inch ; diameter of valve 5 inches, 
distance from centre of valve to fulcrum 6 inches, and 
from valve to weight 10 inches ; effective weight of the 
lever, or its actual pressure on the valve, 80 lbs; weight 
of valve 12 lbs. 

Rule. — Square the diameter of the valve, and mul- 
tiply by -7854, to find the area, multiply the product 
by the given pressure ; deduct the sum of the weight 
of the lever and valve ; multiply the remainder by the 
distance from the fulcrum to the valve, and divide the 
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product by the distance from the fulcram to tlie 
weight. Thus — 



6 

6 
25 



6»X-7854X20— 92X6-7-16 = 112} lbs. 

•7864 

25 square of valve 

39270 
16708 



19-6350 

20 lbs. pressure required 



392-7IWC^ 
92 lbs. weight of lever and valve 



300-7 

6 distance from fulcrum to valve 



16 



1804-2 



461-05 



112*76 weight required 



Ans. 112|lbs. 

Note. — This is a very simple rule and easy to work. 

A packing-ring for a cylinder 48 inches diameter is 
required. One is found near at hand, but it is 50 inches 
in diameter ; how much must be cut out of it to make 
it fit the cylinder ? 

Difference of diameter X 3'1416«inches to cut out 

Ring 50 3-1416 

CyHnder 48 2 



Difference of diameter 2 



6-2832 



Ans. 63V in* to be cut out to make it fit. 

A packing-ring for a cylinder is 89 inches diameter ; 
before being cut was 91 J inches. How much must be 
cut out of it to make it fit the cylinder? 

Ans. 7-0686. 



PUMPS. 
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Required the cubic feet of water a pump will dis- 
charge per hour ; diameter of plunger 3 inches ; stroke 
14 inches long^ making 25 strokes a minute. 

BuLE. — Multiply the area of plunger by the length 
of stroke and revolutions per minute, and divide by 
1728. 



3" 
3 

9 



12 



1728= 12 
12 



•7854 
9 

7-0686 

14 stroke 



282744 
70686 



989-604 capacity of pump in inches 
25 revolutions per minute 

'4948020 
1979208 



24740-100 

60 revolutions per hour 



148440-6000 



12370-0500 



1030-8375 



85-9031 

Ans. 86 cubic feet of water. 
Weight-86X62i=5375 lbs. 



Note. — A cubic foot of water weighs 62 J lbs. 

Again. Particulars as in last question ; but^ suppose 
the pump at each stroke is |ths full instead of being 
full. 



3 
3 



7854 
9 



7*0686 area of plunge end 
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7*0686 area of plunger end 
14 length of plunger 

282744 
70686 



98*9604 total area in length of stroke 
25 stroke 



4948020 
1979208 

2474*0100 
3 



\ 



}fuU 



4)7422-0300 

1866-6076 J 

60 minutes 



1728. 



12 

12 
12 



111330-4600 



9277*6376 



773-1281 



64-4273 



Ans. 64} cubic feet of water 

Parts of a 48-inch stroke. 



40 inches % 
32 
24 
16 
12 
8 






6 inches i 
4 „ iV 

2 „ liV 
1 » A- 



)> 



The steam is cut off at |rd of the stroke of 42 inches; 
what is the distance the piston has travelled ? 

3)42 inches 
14 inches. Ans. 

Again. The steam is cut off at |th of the stroke. 

8)42 inches 
6^ inches. Ans. 
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What is l^ths of the same stroke of piston P 

42 
6 

6)210 

35 inches. 

If the piston, haying a 42-inch stroke, comes to rest at 
iVth of the stroke, what distance is it from the nearest 
coyer, neglecting the clearance, and the obliquity of the 
connecting-rod P 

12)42 



Prove it— 



3 J inches. 



3} 
12 

42 



Prove that 35 inches is ^ths of 42 incher 



35 inches 
6 

5)210 

42 inches. An^ 



APPENDIX. 

TO TEST THE QUALTTT OF inOX. 

If the fracture gives long silky fibres, of leaden-grey 
hue, fibres cohering and twisting together before break- 
ing, the iron may be considered a tough, soft iron. 

A medium even grain, mixed with fibres — a good 
sign. 

A short blackish fibre indicates badly refined iron. 

A very fine grain denotes a hard steely iron, apt U> 
be cold-short, hard to work with a file. Coarse grain, 
with brilliant crystallized fracture, yellow or brown 
spots, denotes a brittle iron, cold-short, working easily; 
when heated welds easily. 

Cracks on the edges of bars, sign of hot-short iron. 

Good iron is readily heated, soft under the hammer, 
throws out but few sparks. 

Iron, with heating, if exposed to air, will oxidize; 
when at white heat, if in contact with coal, will car- 
bonize, or become steely. 

To restore burnt iron — give a smart heat, protected 
from the air, if inj ured by cold hammering ; anneal 
slowly and moderately, if hard or steely ; give one or 
more smart heats to extract the carbon. 
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Fig. 36.— A Common 
Bend. 




Tig. 86.— Figure of 
Eight Knot. 




Kg. 87.— Timber 
Hitoh. 



Jl 





Fig. 88.— A Fisher- 
man's Bend. 




Fig. 89.— Two Half- 
hitches. 




Fig. 40.— Over- 
hand Knot. 




Fig. 41 —Rolling 
Bend. 



KNOTS. 

A Common Bend. — It is formed by 
passing the end of a rope through the 
bight of another rope, then round both 
parts of a rope and down through its 
own bight. 

Figure of Eight Knot, — Take the end 
of the rope round the standing part, 
under its own part and through the 
lower bight. 

Timber Hitch, — It is made by taking 
the end of a rope round a spar, passing 
it under and over the standing part, 
and then passing several turns round 
its own part. 

Fisherman^ 8 Bend, — ^With the end of a 
rope take two turns round, then form a 
half-hitch round the standing part, and 
under the turns, and another half-hitch 
round the standing part. 

To make Two Half-hitches. — ^Pass the 
end of the rope round the standing part, 
and bring it up through the bight — this 
is one half-hitch ; two of these, one above 
the other, constitute two half -hitches. 

Overhand Knot. — This is made by 
passing the end of the rope over the 
standing part and through the bight. 

Rolling Bend. — It is something simi- 
lar to a fisherman's bend. It is two 
round turns round a spar, two half- 
hitches around the standing part, and 
the ends stopped back. 
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Knot. 




Fig. 43.— Square or Reif Knot 



To make a BotcUne Knot. — Take tlie end of the 
rope in your right hand, and the standing part in 
your left; lay the end over the standing part, then 
with your left hand turn the bight of the standing 
part over the end part ; then lead the 
end through the standing part above, 
and stick it down through the cuckold's 
neck formed on the standing part, and Fig.42.— abo^ 
it will appear as the sketch. 

A Reef Knot — First make an 
overhanded knot, supposing it 
to be round a yard ; then bring 
the end being to you over the 
left hand, and through the bight 
haul both ends taught. This 
knot is used chiefly for joining the ends of ropes or 
lines together. 

A Short Splice. — A short splice is made by unlay- 
ing the ends of two ropes, or the two ends of one 
rope, to a sufficient length, then crutch them together 
as per adjoining sketch ; draw them close and push the 
strands of one under the strands 
of the other, the same as the 
eye-splice. This splice is used 
for block-straps, slings, &c. If 
the ends are to be served over, 
they are but once stuck through ; 
if not, they are stuck twice and 
cross- whipped across the strands, so as to make them 
more secure. When the ends are to be served, take a 
few of the underneath yarns, enough to fill up the lay 
of the rope for worming, then scrape or trim the out- 
side ends, and marl them down ready for serving. 





Fig. 44.— Short Splice. 
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A IR-PUMP, 68. 
■^^ Air-vessel, 62. 
AUoys, 19, 21, 27. 
Aridimetical calculations 
enginemen, 253. 



for 



•D ACK-PEESSURE, 60. 
-*-' Barometer-gauge, 128. 
Big-ends, 140. 
Boilers, Steam. See Steam- 

Boilehs. 
Brass, 19, 21, 27. 

CHEMICAL mixture and so- 
lution, 19. 

Coal — combustion of coal, 166, 
172 ; different kinds, 167 ; tables 
of properties and behaviour of 
coal, 169. 

Coke, gas, 179. 

Cold-water pump, 69. 

Combustion of coal, 156 ; imper- 
fect combustion, 164; perfect 
combustioD, 156. 

Compound engines, 5, 89. 

Condenser and its appendages, 
60 ; pressure in the condenser, 
128. 

Condensing beam engine, 6, &2. 

Copper, 17,27. 

Cornish boilers, 8, 95, 97. 

Cornish pumping engine, 72. 

Corrosion of boilers, 216, 218, 
229. 

Crank, 44, 81. 

Crankshaft bearings, 141. 

Cylinders, 80. 



-pvARKE'S INDICATOR, 234. 
-*-^ Derbyshire coals, 170, 175. 
Duryea's electro-magnetic low- 
water alarm, 126. 

TpBULLITION, 149. 

-*-^ Engine, Steam. See Steam 

Engine. 
Evaporative performances of 

steam-boilers, 107. 
Excentric, 141. 
Expansive working in Cornish 

engines, 76. 
Explosion of boilers, 216. 

Tj^AILTJRES and their causes, 

-*- 209; corrosion of boilers, 
216, 218; overheating, 219; 
overstraining, 220 ; deposits, 
222 ; wedging down the safety- 
valve, 227. 

Feed-pumps, 184; bucket-pump, 
190 ; piston-pump, 190 ; plunger 
air-pump, 191 ; Tangye's spe- 
cial steam-pump, 202; calcu- 
lations for feed-pumps, 277. 

Feed- water, management of, 181 ; 
heating it, 181 ; economy by, 
183 ; apparatus for supplying 
it, 184. 

Fire, management of the, 85, 148, 
160 ; thickness, 162, 176 ; shape, 
162 ; scoop-fire, 164 ; mode of 
firing, 166 ; intervals of firing, 
165 ; a good fireman, 166 ; wa- 
tering the coal, 175 ; defective 
firebars, 179; feed- water, 181. 
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Firegrate, 136, 158. 

Fireman, a good, qnalificationB 

of, 166. 
Floato, in boilers, 122, 135. 
Friction of machinery, 22, 28; 

co-efficient of friction, 29. 
Fusible plugs, 119, 137. 

GALLOWAY boilers, 9, 105, 
114; evaporative perform- 
ance, 107 ; setting, 112. 
Oas-coke, 179. 
Glands, 141. 
Governor, 49. 
Gun-metal, 19, 21. 

HANCOCK Inspirator, 197; 
results of trisOs, 201. 

Heat, 22, 23; conduction, 23; 
convection, 25 ; radiation, 26. 

Horizontal engines — semi -port- 
able engine, 78 ; compound en- 
gines, 94. 

Homblower, invention of com- 
pound engines by, 89. 

Horse-power, to calculate, from 
the indicator diagram, 249. 

Horse-power, nominal, 250. 

TNDICATOR, 230; diagrams, 

■*- 231, 238; Richardson's Conti- 
nuous Lidicator, 232 ; Darke's 
Lidicator, 234 ; how to work the 
indicator, 235 ; to calculate 
horse-power, 249, 266. 

Injectors, 191 ; Giffard's, 192, 
195 ; Shewai'd and Gresham's, 
196. 

Inspirator, Hancock's, 197. 

Iron, manufacture of, 10. 

Iron, cast* 14, 26. 

Iron, quality of, to test, 280. 

Iron, wrought, 14, 26. 
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LANCASHIRE Boilers, 9, 95, 
101. 
Lancashire coals, 171, 177. 
Lead, 19. 
Link-motion, 46. 



Low-water alarms^ 126. 
Lubricants, 30. 

A/TATERIALS of steam- 
-^^ boilers and engines, 10; 
calcined ore, 10 ; smelting iron, 
10; puddling, 11; roUnig or 
squeezing, 12; piling, 12; 
charcoal-iron, 13; steel, 13; 
composition of iron and steel, 
14; distinctive properties, 14; 
case-hardening, 16 ; steel, 16, 
26; annealing, 17; copper, 17, 
27; tin, 18; zinc, 18; lead,19; 
alloys — ^brass, gun-metal, white 
metal, 19, 21, 27 ; cast-iron, 
26 ; wrought-iron, 26. 
Muntz-metal, 27. 

■jVJEWCASTLE coals, 170. 



QIUNG an engine, 142. 

PACKING - RINGS, calcula- 
tions for, 276. 

Parallel motion, 48. 

Hnel's water-level indicators, 126. 

Piston, 51. 

Pressure-gauges, 124, 135; Bour- 
don's gauge, 124 ; mercurial 
gauge, 127. 

Priming, 146, 150, 182. 

Pump, air, 68 ; cold water pump, 
69. 

RICHARDSON'S continuous 
indicator, 232. 

SAFETY-VALVES, 114, 138. 
Scotch coals, 171. 

Slide-valves, 56. 

Smoke, prevention of, 160, 166 ; 
what it is, 168. 

Steam, properties of, 6. 

Steam-engines, classification of, 
4 ; compound engines, 6 ; con- 
densing beam engine, 5, 32; 
materials, 10 ; starting the 
engine, 37, 140 ; details, 44 ; 
crank, 44; link-motion, 46; 
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parallel motion, 48 ; governor, 
49 ; piston, 51 ; air-vessel, 52 ; 
valve-motion, 63 ; old slide- 
A-alve, 6C ; lap- valve, 68 ; lead, 
68, 69 ; lap, 68 ; back pressure, 
60; condenser and its appen- 
dages, 60 ; air-pump, 68 ; cold- 
water punp, 69 ; hot -well, 70. 

Cornish pumping engine, 72 ; 
starting the engine, 75 ; ex- 
pansive working of steam, 76 ; 
rules for worlang the engine, 
76. 

Horizontal engines: — Semi- 
portable engine, 78; boiler, 
78; cylinder, 80; crank-axle, 
81 ; valve-motion, 81 ; manage- 
ment of tiie engine, 82 ; stoking, 
86; management of the fire, 
86. 

Causes of failure, 209. 

Calculations of horse-power, 
266. 
Steam-boilers : — Historical notice 
of, 6 ; waggon boiler, 8, 96 ; 
Cornish boiler, 8, 96, 97 ; 
Lancashire boiler, 9, 96, 101 ; 
Galloway boiler, 9, 106, 114; 
materials, 10 ; boiler of semi- 
portable engine, 78; evapora- 
tive performances of boilers, 
107; setting of boUers, 112; 
details of boilers, 114 ; starting 



and working boilers, 132; 
inspection, 133 ; management 
of the fire, 148, 160 ; manage- 
ment of tiie feed-water, 181 ; 
explosions, 216. 

Steam-engine, invention of, 3, 5. 

Steam-pipe and stop-valve, 138, 
148. 

Steam-pump, Tangye*s, 202. 

Steam-space, 146, 160. 

Steel, 13, 16, 26. 

Stokuig, 86. 

Syphons, 31. 

TANGYE'S special steam- 
pump, 202, 206. 
Thermometer, 130. 
Tin, 18. 
Trimmings, 141. 



TTACUUM-GAUGE, 128, 130. 
^ Valve-motion, 63, 81. 



WATER-GAUGES, 134; 
^auge-glasses, 144. 
Watt, mvention of the steam- 
engine by, 6, 61. 
Welsh coals, 169, 172. 
White-metal, 19, 21, 27. 
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ENGINEERING, SURVEYING, ETC. 
Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst. M.E. lUnstrated ¥rith 50 Double Plates, 
I Sii^e Plate, Coloured Frontispiece, and upvnurds of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6x. el^antly 
and substantially half-bound in morocco. 

List 0/ ConUntt:— 



L Historical Sketch of some of the 
means that have been adopted for the 
Sup^y of Water to Qties and Towns. — 
IL Water and the Foreign Matter usually 
assodatad with it. — III. Rainfall and 
£vaporati<Mi. — IV. Springs and the water* 
bearing formations of various districts.— 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Sup^y.— VII. Wells.— 
'^II. Reservoirs. — IX. The Purification 
of Watar. — ^X. Pumps. — XL Pumping 

« 



Machinery.-XII. Conduits.— XIII. Dis- 
tribution of Water.— XIV. Meters. Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economv of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, 
VdodtKS, &C. &c, together with Specifi- 
cations of sevoral Works illustrated, among 
which will be found :^Aberdeen, Kid^ovd, 
Canterbury, Dundee, Halifax, lamhrfh, 
Rotherham, Dublin, and oth^ 



The most systematic and valuable work upon water supply hitherto fwoduced in 
English, <x in any other language .... Mr. number's wcnrk is characterised almost 
throughout by an exhanstiveness much more distinctive of French and German than 
of Enj^ish tfchnical treatises.*'— JSiiffzJMrr. 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, faiduding 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By WlLUAM Humber, A -M. Inst C E., and M. Inst 
M.K Third Edition, with 115 Double Plates, In 2 vols. imp. 4to, 
6L i6f. 6d, half-bound in morocco. 

"A book— and particularly a large and cosdy treatise like Mr. H«nnlier*s— which 
has reached its third edition may certainly be said to have established its own 
reputation. "—Ensinteritt^, 
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Humberts Modem Engineenng. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Rsdlway, Bri^i^ and other Engineering Works, Ac By 
William Humber, A.-M. Inst C.E., &c. Imp. 4to, with 
36 Doable Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, CK, F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. y, half morocco. 

List ofekePlaifs and Diagrams. 

Dlates) : Bridge over the Thames, West 
London Extension Railway (^ fJates) ; Ar- 
mour Plates : Suspension Bridge, Thaates 
(4 plates) : The Allen Engine ; Suspension 
.Bridge, Avon (3 plates) ; Underground 
Railway (3 platesX 
_ , It will find favourlrith many who derire 

to preserve in a permanent form cc^ues of the pbms and specifications prepared for the 
guidance of the contractors for many important engineering works." — Bngimur, 
HUMBERTS RECORD OF MODERN ENGINEERING. Seccind 
Series. Imp. 4to, with 36 Doable Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 
&C. 3/. y, half morocco. 

List of the Plates and Dia£ra$ns. 



Victoria Station and Roof, L. B. ft S. 
C. R. (8 plates) : Southport Pier (a plates): 
Victoria Station and Roof, L. C & D. and 
G. W. R. (6 pUtes) ; Roof of Cremome 
Music Hall : Bridge over G. N. Railway : 
Roof of Station, Dutch Rhenish Rail (a 

** Handsomely lithographed and printed. 



Viaduct, Mcrthyr, TVedegar, and Aberga- 
venny Railway; CoU^» V/ood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. a and D. Railway (6 plates) ; Albeit 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates); Charing Cross Station Roof. 
C C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Pomanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
dMar, and Abergavenny Railway ; Ebbw 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 5/. y, half morocco. 

List of the Plates and Diagrams, 



Main Drainage, Mbtkopolis. — 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (3 plates) ; 
Out£Ul Sewer, Bridge over River Lea (jx 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over £iow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(3 plates); Outfall Sewer, Reservoir (a 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 i^tes) ; Outfall Sewer, 
Filth Hoist; Secuons of Sewers (North 
and Soudi SidesX 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminstor 
(3 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (3 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridige (3 plates) ; Juoc* 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



South Side. — Outfall Sewer, Bermondsey 

HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptiye Letterpress, Specifica- 
tions, &c. 3/. y, half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam*s Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Statk)n 
Roof. Channg Cross Railway (3 plates) ; 
Road Bridge over the River Moka (2 
plates)'. Telegraphic Apparatus fox Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); St. German's 
Viaduct, Cornwall Railway ^a plates) ; 
Wrought-Iron Cylinder for DivingBell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metr(^K^tan District Railway 
(6 plates); Harbours, Ports, and Break- 
waters (3 plates). 
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Strains ^FormuUB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulseand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. Inst C.E., &c Third Edition. With nearly 
ICO Woodcuts and 3 Plates, Crown 8vo, *js, 6d. doth. 
'* The system of emfdoyiog diagnuns as a substitute for complex conputatioiis 

is one justly coming into great favour, and in that respect Mr. Humber's Tolume is 

fully up to the tames,^— 'Engineering. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst C.E. Second Edition, with 5 Plates. Royal 8vo, 5/. cloth. 

"The student cannot find a better book on this subject thanMr. Sheilds'." — Engineer, 

Barlow on the Strength of Materials^ enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, \%s, doth. 
" The standard treatise upon tms particular subject" — Engin^r, 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added. Experimental Researches on the Strength, &c, 
of Cast Iron, by E. Hodgkinson, F.R:S. 8vo, 12/. doth. 

*^* Hodgkinson's Researches, separate, price dr. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Wciis, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 141. doth. 
" Undoubtedly an exceedingly useful and elatxnate compilarion." — Inm, 
" Alike valuable to students and engineers in practice." — Mining JcumaU 

River Engineering, 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, A^tant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. *J5, (>d, cloth. 

Hydraulics, 

HYDRAULIC MANUAL AND STATISTICS. By Lowis 
D'A. Jackson, Author of " Aid to Survey Practice,'* &c. Fourth 
Edition, Revised and Enlarged. Large Crown 8vo. [/// the press. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showinc; its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefiilly revised, with 
the addition of Mr. Law's Practical Examples for Setting oat 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. td, cloth. %• Trautwine on Curves, separate, O. 

'* The text-book on levelling in most of our engineering schools and cc^eges."— 
Enginetr, 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explainbg in detaU the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Rangii^ 
the Lines and Levelling under Ground, Sub-Excavating, Timbenng, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. SiMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. KiNNEAR Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Qark 
his added immensely to the value of the book." — Engineer* 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
KiNNEAR Clark, M.I. C.E. Second Edition. i2mo, \s. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, M.I. C.E. Sbcth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. KiNNEAR CLARK, 
M. Inst. C.E. i2mo, 71. 6^/., cloth boards. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. WiLSON, C.E. 2nd Edition. Cr. 8vo, 2s, 6d, 

Bridge Construction in Masonry^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON 5 consistii^ of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second EditioB, with 
the addition of 554 Estimates, and the Practice of Setting out Woifa, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2j. 6d. half- morocco. 
" A work of the present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its YdlutJ'—'BngiNeerini, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C.E., and Fkancis 
Camfin, C.E, Cr. ^no^ o\>Vitv^, v» ^^^^^ 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols.. Large Crown 8vo, 30J. cloth. 
'* All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work 'Railvray Machinery.'" — The Engineer, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
*' A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer.^' — Atheneeum, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics,'* "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining Journal. 

Steam. 

THE SAFE USE OF STEAM : containmg Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6(/. 
** If steam^users would but learn this little book by heart, boiler explosions would 
become sensations by their T9x\ty^* -^English Mechanic. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Mecha- 
nical Manipulation, Manufacture of the Steam Engine, &c By 
Francis Campin, C.E. i2mo, 3 j. cloth boards. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin, C.E. i2mo. 3J. dd, cL brds. 

Iron Bridges, Girders^ Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C. E. i2mo,3J. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-pagja 
Lithographic Diagrams. Folio %\u V^-WiixA, 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. Bj John Hart. srdEd. Imp. 8yo, Sf.doth. 

Oblique Bridges. 

A PRACTICAL mnd THEORETICAL ESSAY on OBUQUE 
BRIDGES, with 13 large Plates. Bj the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, hj 
W. H. Ba&low.M.LCE. Royal 8vo^ i2/.cloth. 
" The standard text book for all eogineers r^ardiiig dcew archts."— JETMS^VMrr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlai^ed, by W. RiCHA&DS, C.E. i2mo, 5^. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal GeolcMzical Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 41. 6</. doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fifth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With lUustra- 
tions and Portrait of Author. Crown 8vo, 4J. 6^. doth. 
" Mr. Reynolds has supplied a want, and has supplied it weU." — Engineer, 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By Michael Reynolds. Crown 8vo, 
4J. 6^. cloth. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. With Plates and Woodcuts. Crown 8vo, 41. td, doth. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Crown 8vo, 2s. cloth. 

Contintwus Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Treatise on the 
several Systems in Use in the United Kingdom ; their Construc- 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Crown 8vo. [Nearly Heady, 

Steam Engine, 

ENGINEMAN'S COMPANION (The). A practical Hand- 
book arranged in a compact form for Ready Reference. By 
Michael Re'X^^OI-DS. Cio\<n.%NO» ^In the press. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 31. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildin|[s, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Fore^ Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 41. doth. 
" We can most heartily commend i\aa\iOc^**'~'Engineering. 

** Mr. Young's book on * Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a varietur of sources. The subject is sb 
intensely interesting and useful that it demands consideration."— ^M<i!t/<>it|^ Newt, 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c, with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
imtly Re-written. By Captain Charles Warren, R.E. With 
19 Plates vA 115 Woodcuts, royal 8vo, idr. doth. , 

TaJ)les of Curves. *' 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexandke 
Beazeley, M. Inst C.E. Second Edition. Printed on 48 Cards, 
and sold in a doth box, waistcoat-pocket size, y, 6d, 
" Each table is printed on a small card, which, being placed on the theodolite^ leaves 
the hands free to manipulate the instrument."— ^M!fT«««r. 

" Very handv ; a man may Icnow that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind.** — 

Engineering Fieldwork. \Athenaum. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 5x., cL boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Feeding Plates. Royal 8vo, I2f. cloth. 
" Many of the methods aven are of extreme practical value to the mason, and die 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Buiiding 
News. 

" Will be rmrded by dvil en^;ineert as of tibe utmost value, and oalculated tA s»«. 
much time and obviate many mistakes. ""-Co^Kry Gicardion, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A.-M.I.C.E. Author of ** Hydraulic Manual and 

Statistics," &c. Large crown 8vo, \2s. 6d,, cloth. 

" Mr. Jackson has produced a valuable vade-mecum for the surveycMr. We can 

reconunead this book as containing an admirable supi^ement to the teaching of Uie 

mcoomplished surveyor." — Aiherueum. 

" A general text book was wanted, and we are Me to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommead to the student who knows 
something of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to Uie student." — Building News, 

" The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid swle of wridng, renders the book both a very 
useful one and very agreeable to res^,*'-^Buiider, 

Sanitary Work, 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst C. E. Crown 8vo, 3^^, cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats."— ^m'ilt/ifr. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working,'* 
&c., &c. With numerous Illustrations. i2mo. 3^. 6c?.' cloth boards. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book.** — Iron and Coal Trades Review. 

*' Seems a model of what an elementary technical book should be." — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ** A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. 
** Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E. , M.I.C.E. Second Edit, revised. i2mo, 5j. cloth. 
"A book which every borough surveyor and engineer must possess, and which will 

be of considerable service lo arc\alec\St\>QSi^ct%^9CEk!il^Toperty owners generally."— 

Building News, 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technicsd Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;'' "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 2x. 6d, cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangentisd 
Angles and MiUtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2s, doth. 
*' The book Is very handy, and the author might have added that the separate tables 

of sines and tangents to every mmute will make it iiseful for many other purposes, th« 

genuine traverse tables existmg all the saxn!t**'—Athetueum, 
" Cannot fail, from its portability and utility, to be extensively patronised by th« 

engineering profession."-- JI/mMt/P youmaf. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. 6d. doth. 
" As a really handy book for reference, we know of no work eqval to it ; and the 
railway engineers ana others employed in the measurement and calculation of earth- 
work will mid a great amount of practical information very admirably arranged, and 



available for general or rough estimates, as well as for the more exact calculaticms 
required in the engineers' contractor's offices. "—uJr/isaM. 

Drawing for Engineers ^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, doth, strongly bound, 4/. 

" A copy of it should be kept lor reference in evoy drawing office."— ^flSfWMrrRMjf. 

" Indispensable for teachers of engineering drzmagJ'-^JIffckaHtc** MagoMttu. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHiEOLOGY, the FINE ARTS, &c. By John Wealb. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of '* Ure's Dictionary of Arts." i2mo, 6x. cL bds. 

" The best small technolomcal dictionary in the language."— i4fr^«r/. 

" The absolute accuracy of a wcnrk of this character can only be judged of after 

.extensive consultation, and from our crammatioa it appears very correct ftod very 

oomplete.^—^miV^ JoumoL 
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MINING, METALLURGY, ETC. 
Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Pruicipal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ &f. cloth. [Just published. 

Metalliferous Minerals and Mining, 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of "A Treatise on 
Slate and Slate Quarrying.'' With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2s, 6d, cloth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly."— ^ftWM^ youmal. 

Slate and Slate Qtiarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. l2mo^ 3^.6^. doth boards. 
" Mr. Davies has written a useful and practical hand>book on an impcnrtant industry, 
with all the conditions and details of which he appears i9XDS&axJ*-^Mngineering, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of ManiifiBM:tiire (tf 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
revised, with considerable additions. \In the press. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c By William Morgans, Volume of Text. 
i2mo, 3^. With an Atlas of Plates, containing 235 niustrations. 
4to, dr. Together, 9J. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprismg a Treatise on Imj^ioved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instmments ; also an Exposition of the Correct Principles 
of Laying out and Valuii^ Home ' and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &&, iamo,4J.doth. 
%* The above, bound with Thoman's Tables. (S«e page aa) 
Price 7/. 6^. doth* 
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Coal and Coal Mining. 

COAL AND COAL MINING : a JEludimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustrations, 4/. doth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an ouUine is ^en of eveiy known coal-field in this and other countries, as well as 

of the two principal metho<ls of working, the book will doubdess interest a very 

large numbear of readers." — Minify Joumal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct- Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Eng^ines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and meir merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of " The 
Cornish Sjrstem of Mine-Drainage." 8vo, 15^. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Bookf or N aval Architect5& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULiE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2s,6d,f strongly bound in leather. 
** Should be used by all who are engaged in the construction or design of vessels." 
— En/ituer. 

" There is scarcdy a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of informadon into this 
useful yoiame,"^Aihen^tMm. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including tiie latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
ByJoHN Grantham, M. Inst C.E., &c 2/. 2s. complete. 

" Mr. Grantham's work is of great interest. It will, we are coi^dent, command an 
extensive circulation among shipbuilders in eeneral. By order of the Board' of Admi- 
ralty, the work wUl form the text-book on which the examination in iron ship-building 
of candidates for promotion in die dockyards will b« mainly based." — Engimering, 

Pocket-Book /of Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mo4 
leather, gilt edges, with strap, 4^. 
" A most useful compamon to all marme engineers."— United Setvici GaaitU. ' 
" Scarcdy anything required by a naval engineer appears to have been Cot- 
gouen. ^iTvit. 
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Light'Houses. 

EUROPEAN UGHT-HpUSE SYSTEMS; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S. A. Illustrated bj 51 En- 
gravings and 31 Woodcuts in the Text 8vo, 2ix. doth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to tlie 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tov^ns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveymg Instruments. By W. Davis Haskoll, C. £. 
With 14 folding Plates, and numerous Woodcuts. Svo, lax . fidf. doth. 

" A most useful and well arranged book for the aid of a student. **-^Bmlder. 

" Of the utmost practical utility, and may be sa£ely recommended to all students 
who aqjMie to become clean and ejcpert sunrcyors."— ilfmsiv y^tmal. 

Storms. 

STORMS ; their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown Svo, lor. 6d, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, y, cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical) y with Tables. 

PRACTICAL NAVIGATION : consisting of -the SaUor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, *js, strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc.^ are pMished in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2j. (id. cloth. 
SAILS AND SAIL-MAKING. Eleventh Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4J. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Sevenl\i 'E^^oii. lamo, v« ^* ^^"^^ boards. 
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ARCHITECTURE, BUILDING, ETC. 



Construction. — *— 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged. Including an entirely new chapter on the Mature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, 7/. 6</. cloth. 

" A very valuable book, which we stronely recommend to all students.**— StMUSrr. 

" No architectural student should be wiuout this hand-book." — Arthiieot. 

Civil and Ecclesiastical Btdlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5j. cloth boards. 
*' A book which is always amusbg and nearly always instructive. We are able 
veiy cordially to recommend all persons to read it for themselves. "'—Times. 

'We commend the book to the thoughtful consideration of all who are interested 
in the buildin(( zit.**— Builder, 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; bein^ a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specincations and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land,*' &c. 31 Plates, 4to, half morocco, gilt edges, i/. u. . 
*»* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &a 2/. 2s, half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. B)r F. Rogers. Cr. 8vo, 6j. cloth, 
"As a text-book of useful information for architects, engineers, surveyors, &c., 
would be hard to find a handier or more complete little volume." — Standard. 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, cloth, 41. 
"Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments."— ^nrA//^r/. ' 

Drawing for Builders and Sttcdents. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE, 
By GsoRGB Pyne. With 14 Plates, 4to, *js. 6d, boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, y. 6<f. dolh. 
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Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, £lsq.) This is the only book which gives 
on a large scale, and with the precision of ardutectnral measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detait Large folio, with 130 Plates, half-bound, 3/. 3J. 



* • 



Originally published in two volumes, folio, at iS/. 

Vitrtiviu^ Architecture, 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.AS. 
Numerous Plates. i2mo, cloth limp, 5^. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., wUh 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 61;, half-bound. 
*«• The only edition of VITRUVIUS procurable at a moderaU price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTUREof VARIOUS 
COUNTRIES. By T. Talbot Bury; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. Bv E. L. Garbett. 
Numerous illustrations, l2mo, dr. half-bound. 

Civil Architecture. 

A TRE\TISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S.A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2ij. doth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual ot With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6x. doth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Third Edition, enlarged, with 300 illustrations, i2mo. ^r. cloth. 

ydnts used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. B;y W. J. Christy, 
Architect, With 160 l\l\]ts\xa.\.\sKvs. i^mo, v« ^<'» ^^^ boards. 

\3ust tublliVwi. 
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Handbook of Specificatixms. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Elngineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.LB.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. 11/. dd, 
*' In this work forty-four specifications of executed wm'ks are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects."— ^iM^^r. 

Specifications for Practiced Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect Svo, 15^. doth. 

*** A volume of specifications of a practical diaracter being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the authOT, on the basis 
of that work, has produced die above. — Extract from Preface, 

Designings Measuring ^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containiiig 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re* 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measoie* 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. 6r/. doth. 
" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the 'viQr\L,**'^Engineerin£, 

Beaton* s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
' of a Building collectively, more espedally applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. u. (id, 

Beaton' sBuilder^ and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. BSATON. ix. 6d. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wffl it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the ^dutectnral 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited by Francis T. W. Miller, A.R.I.B.A., Surveyor. 
Third Edition, Revised. Crown 8vo, 3/. 6</., doth. 
*' In two years it will repay its cost a hundred times over.*'— /Iw//. 
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Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown Sra y, 6d, cloth. 
" A uaeful oompendium of results for tht builcier and architea." — BuUdmg News, 

Builders and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containii^ the latest prices of all kinds of Builders* 
Materials and Labour, and of all Trades connected with Building, 
&c Revised bj F. T. W. Millbr, A. R. I. B. A. Half-bound, 4r. 



CARPENTRY, TIMBER, ETC. 

— f— 

Tredgold's Carpentry y new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Araies, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c To whidi 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to^ published at 2/. 2j., reduced to i/. 5^. dodi. 
" Ought to be in evoy architect's and everjr builder's libnuy, and dioae irfio 
do not already possess it ought to avail themselves of the new issue.^— >i^t«fZa&rr. 

"A work whose monumental excellence must commend it wfaerever skilful car- 
pentry is concerned. The Author's principles are rather confirmed dian impaired by 
time. The additional plates are of great intrinsic y9lvk<t**'^BuildiM£ lltmt, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefidly revised and corrected. i2mo, y. 6d. doth. 

"Everything it pretends to be : built up gradually, it leads one from a forest to a 

treenail, and throws in, as a makeweight, ahost of material concerning bricks, columns, 

cisterns, &c. — all that die class to whom it appeals requires."— >£i!f^AM Mechanic. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6x. 

Tables for Packing-Cc^e Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. 6d, doth. 

** Invaluable labour-saving: tables."— /rvwMMSCvr. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By I aues W. Burgess. i2mo, 3/. dotii. 
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Hot ton! s Measurer. 

THE COMPLETE MEASURER ; setting forth the Measore- 
ment of Boards, Glass, ftc. ; Uneqnal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just fldlowances for the bark in the respectiTe species of 
trees, and proper deductions for the waste in hewing tne trees, 
&c; also a Table showing the solidity of hevm or eig^t-sided 
timber, or of any octagonal-sided column. Bj Richabd Ho&ton. 
Fourth Edition, with considerable and Taluable additions, i2mo^ 
strongly bound in leather, 5/. 

Hortons Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, zr. leather. 

Nicholson's Carpentet^s Guide. 

THE CARPENTERS NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S. A., together with Practical Rules on 
Drawing, by George Pynb. With 74 Plates, 4to, i/. i/. doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables ti the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, 3/. doth. 
"ETerything is as concise and dear as it can possibly be nude. Tliere can be no 
doubt that evoy timber merchant and builder ou^to possess it."— Hull Advertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beh^r a Guide 
for the use of Building Contractors, Surveyors, Buuiders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strengm of Timber, Remarks on the 
Growth of Timber, &c By W. RiCHA&DSON. Fcap. 8vo, y, 6d. d. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American 

Engineers. By M. Powis Bale, M.LM.E. Large crown 8vo, 

I2J. 6d. cloth. 

" Mr. Bale is evidently an expert on the subject, and he has c olle ct ed to much 

information that his book is all-sufficient for builders and odiers engaged in die coo- 

rtxnoaoi^iDher,'* ^Architect. 

"The most comjprehenstTe compendium of wood-woiking machinery we have 
seen. The author u a thorou^ master of his subject. "^ButuUnr Newt, 
** it should be in the office of every vrood^vroikms factory.** — SngUsk MccKowk. 
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^ . MECHANICS, ETC. 

rumtng. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With Illustrations drawn by the Author. Crown 8vo, 5;. 

" Evidently written from personal experience, and gives a large amount of just 

that sort of informaticm whicn beginners at the lathe require.** — Bnildtr. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit., with 
Mechanical Tables for Operatiye Smiths, Millwrights, Engiaeers, 
&€. ; and an Extensive Table of Powers and Roots, l2mo, 5j. bound. 
" Admirably adapted to the wants of a very large dasi. It has met with great 
success in the engineering woricshop, as we can testify ; and there are a great many 
menwho, in a great measure, owe tl^ rise in life to this Utde work. *--AmMWNic Ntmu 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a CollecHon of Usefid 
Tables, Rules, and Data. By Wm. Templkton. i8mo, 2j. 6</. 

Waistcoat' Pocket Book for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, SURVEYORS, &c. Selected and Arranged by 
Francis Smith. Waistcoat-pocket size. [In the press. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. Kinnear Clark, M. Inst. C.E. i2mo, 9J. half-bound. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. y, 6d, cl 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, i6j. 6d. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : thehr Strength, Con- 
struction, and Economical Working. By R. WiLSON, C.E. ' 
Fifth Edition. i2mo, ts, doth. 
" 1 he best work on boilers which has come under our xuAvot.''-~Engi9uervi£, 
" I'he best treatise that has ever been published on steam ho\\m%,**—Eiigimur, 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
LA.RDNER, D.C.L. New Edition, Edited and considerably En- 
Jailed, by Benjam.in ■Loi.'w«,'E,^K,Sm&^> V>st 8vo, 61. cloth. 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By I^owis D*A, Jackson, 
A.-M. Inst. C.E., Author of ** Aid to Survey Practice," &c. 
Large Crown 8vo, I2s. 6d, cloth. [Just tublished, 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 

{>lace Book of Pure and Mixed Mathematics. Designed chiefly 
or the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Proj^rties of Curves, 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Coftstmctive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis C ampin, C.E. i2mo, 3^. 6d, cloth boards. 

[Just published. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic By E. W. Tarn, M. A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9^. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in ivhich the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.K 2nd Edit, revised and enlarged. 8vo, lOf. 6</. d. 

Inwood^s Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Frediold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Log^thms for the more Difficult Computations of the 
Interest of Money, &c. By M. F^DOR Thoman. i2mo. &r. doth. 
" Those interested in the purchase and sale of estates, and In the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &C., will 

find the present edition of eminent %Krtvot,"'—Engin€*ring, 

Weights, Measures^ Moneys^ &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirdy New Edition, Revised and Enlaiged. By 
W. S. B. Woolhouse, F.R.A,S. lamo, 2s, ^, ^<Qk*OGk\AAs^s^ 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. By F^dor Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit, i2mo, 41. td, d. 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditioushr ascertaining the value of any 
gooos bought or sold by weight, from 15. per cwt. to 112s. per 
cwt., and from one farthmg per lb. to is, per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., gx., leather. 
" Will supply a want, for nothing; like it before wsXtd.**—Buiid$nf^ News. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. ByCHARLES HOARE, Author of 'The Slide Rule,' &c Eighth 
Edition. Oblong 32mo, dr., leather. 
" For comprehensiveness the book has not its equal" — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv^ Harben, Accountant, Sheffield. New 
Edition. Roval 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the memod of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required pront after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from i^ to 90 per cent.. 
Tables of Discount from i^ to 98} per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8to, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measurixig, 
Optical, Surveying, and Astronomical Instruments. By J, F. 

Heather, M. A. Einlaxi^td. 'C^xhon* \%tslq« v* ^^^ 
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Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties 01 Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George £. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3^. 6d. cloth boards. 
*' The best work yet printed on its subject for a reasonable price." — Jeweller. 
"Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, contaming trustworthy information that only a practical man can 

supply." — English Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By Georgb E. Gee, 
Jeweller, &c. l2mo, 3^. dd, cloth boards. 
" llie chief merit c^the work is its practical character. The workers in the trade 
will speedily discover its merits when tney sit down to study it." — English Mechanic, 
" This work forms a valuable sequel to the author's Practical Goldwarker, and 
supplies a want long felt in the silver Xx3At.**^Silver smith's Trade Journal, 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Useful 
Suggestions concerning the Mixing of Standard Alloys, and other 
matters. By George E. Gee. Crown 8vo. \Nearly ready. 

Electroplatings &e. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 
" A Urge amount of thoroughly practical information."— TVi^^^/Ai^ Journal, 
" An excellent practical manual. — Engineering. 

"The information given appears to be based on direct personal knowledge. . . 
Its science is sound, and the style is always deaLr."~'Athenaum. 

**AaY ordhiarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show iht way "—Builder. 

Eledroty pings &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro -deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
" Will serve as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of electrotyping." — Iron. 

" The book throughout is entirely practical, and is lucid and clear in style. It is a 
reliable wqxV.'*— Paper and Printing^ Tradet Jounwl* 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc, etc By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With numerous Wood Engravings. Crown 8vo, 7j. ^cL cloth. 

\Jmt published, 
" The work is very practicaL"— if(?«/A/K Revitm qf Dental Surgery, 

"An authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students preparing for die profession ot dentistry, as well as to every 

mechanical dvatvat,**— 'DtAliHyournai iff Medical Scunce, land Circular. 

** The best book on the subject with which we are acquainted."— if ifd^o/ Pres* 

Electricity. 

A MANUAL of ELECTRICITY ; indnding Galvanism, Mag- 
netism, Diamagnetism, Electro-D]rnamics, Magneto-Electiicity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with Joo Woodcuts. 8vo, i/.4r. doth. 
" The accounts ^ven of electricity and galvanism are not onlycomplete ui a arientific 
ense, but, whidi is a rarer thing, are popular and interesting.^— .Loawv/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.LCE., Vice-President of the Sod^ of 
Tel^;raph Engineers, &c With 470 Illustrations. Crown 8vo, 
I2J. (id. cloth. 
"A reflex of the existing state of Electrical Science adapted for studaxts."' 
W. H. Preece, Esq., vide ** Introduction." 

" We can recommend Dr. Noad's book for dear s(^, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — A thcnctunt. 

" An admirable text-book for every student—beginner or advanced— of electridty." 
•-Engineering'. 

'Recommended to students as one of the best text-books on the subject diat they 
can have. M r. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephomc, and electric-lighting apparatus." — English MeckoKtc, 
** The work contains everything that the student can teqyatt.'^'-'Academy. 
" One of the best and most useful compendiums of any branch of science in our 
literature." — Iron. 

'* Under the editorial hand of Mr. Preece the late Dr. Noad's text- book of elec- 
tricity has grown into an admirable handbook."— ffVf/m/nj/rr Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of " Electroplating." Edited by F. C. Webb, M.LCE., 
M.S.T.E. With 94 Illustrations. Crown 8vo, 7j. (ui, cloth. 

** The book is by far the best that we have yet met with on the subject." — Athen^unt. 

** An important addition to the literature of the electric light. Students of the 
subject should not fail to read it" — Colliery Guardian. 

Lightning y &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
i2mo, 7^, (d. dotK ^y^t published. 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/. 1 2 J. 6d» cloth. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plants or to become practically acquainted with the latest processes and developments 
of the trade ; {2) a H^ndy Volume which Manufacturers can put into the Hands qf 
their Managers aftd Foremen as a useful guide in their daily rounds of duty, 

• 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works — II. Sulphuric Acid— 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the« Noxious Vapours Ques- 
tion — ^Vl. The Hargreaves' and Jones' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali— XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Wastfr-XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and . Foreign Legislation upon 
the Noxious Vapours Question. 



" The authOT has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

" lliis book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the piirposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives me fullest attention. The book has been 
produced with gjreat completeness." — Athenaum. 

"The author is not one of those clever compilers whoL on short notice, will 'read 
up' any conceivable subject, but a practical man in Uie best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authmrs. This most valuable book, which 
we trust will be generally appreciated, we must pronoimce a credit alike to its author 
and to the enterprising firm who nave undertaken its publication."— C^i»>ra/ 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, 12s. 6d, doth. 

"We recommend this book to the careful perusal of every one * it may be truly 
affirmed to be of universal intere5t, and we strongly recommend it to our n»ders as a 
guide^ alike indi^ensable to the housewife as to the pharmsccntlail pt actit J o a er ."— 
Medicai Times, 

" Essential to the analysts appointed under the new Act The tnosl ttcffiXxtssN^x 
axe g^ven, and the work is wdl edited amd caxeftilly imUitta.**— Notwrc* 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited bjr 
DiONYSius La&dner, D.CL., formerly Professor of Natural Phi- 
losophy and Astronomy in University Coll^^ London. With up- 
wards of 1200 Engravings on Wood. In 6 Double Volumts. 
Price £i is,, in a new and elegant doth binding, or handsomely 
bound in half morocco, 31 J. 6^. 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undeitakes 
that teaching of ' common things ' which ever^ well-wisher of jkis kind is anxions to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enli^tened faith will meet with disappamt- 
mcnt" — Ti$Hes. 

** A cheap and interesting publication, alike informing and attractive. The paneis 
a>mbine subjects of importance aud great scientific knowledge, considerable mouc- 
tive powers, and a popular style of treatment." — Spectator, 

** The ' Museum of Science and Art' b the most valuable contributioii diat has 
ever been made to the Scientific Instruction of every class of society.'* — Sir David 
Bmusttr sh the North British Review. 

'* Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the nuitter, we must express our bdiief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and daises as a valuable proeot."— 'iPjMwiriMr. 






Separate books formed from the above^ smtable for Workmen* s 
Libraries, Science Classes, &*c» 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Qocks and 
Watches, &c. 233 Illustrations, doth gilt, $s, 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of Uie Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engray- 
ing, &C. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Contaimng Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Illustrations, doth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallades, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2J. 6d, 

STEAM AND ITS USES. Indudine; the Steam Engine, the Lo- 
comotive, and Steam Navigation. Sg Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Onnets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. 6^. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Sden- 
tific Acquir^nents, the various forms of Telegraphy in Actual 
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Dr. Lardnef^s Handbooks of Natural Philosophy. 

•»♦ The folUnuing five volumes^ though each is Complete in itself^ and to he pur- 
chased separately ^ jonn A Complete Course op Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studioush 
popular. Jt has been the author's aim to supply Manuals such as are required by 
the Student^ the Engineer ^ the Artisan^ ana the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almoft 
rewritten by Benjamin Loewy, F.R.A.S. "With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post Svo, ^s. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out die profound methods of mathematical investigation, this work is not merdy in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post Svo, 6j. cloth. 

"The style is alwa^rs clear and precise, and conveys instructbn without leaving 
any cloudiness or lurking doubts h«t\ixci^"—Engineertng, 
THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post Svo, 5^. doth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
JMnstant^**— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post Svo, Sj. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^^g up his 

work to the present state of scientific knowledge." — Popular Science Remew, 

Dr. Lardner^ s Handbook of Astronomy, 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small Svo, 550 pages, 9^. 6^., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
oflfered to the public." — Atheneeum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct— acquaintance with this sublime iCicax:^" —Quarterly Journal 
of Science. 

Dr. Lardner^ s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small Svo, 
cloth, 732 pages, 7^. 6d, 
" We have no hesitation in cordially TecommeadJni^vX*^— EdticatloivoiX T\tiu\% 
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Dr. Lardncf^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

338 Illustrations. Sixth Edition. I vol y, 6d, doth. 
" Conveys, in clear and precise terms, general nodoos of all the princqpal diivions 
of Physical Science."— i9rv/wA QitarUriy Rtvkm. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. B7 Dr. Labdnsr. 

With i^ Illustnitions. Second Edition, i roL 31. 6d. doth. 
" dearly wntten, well arranged, and excellently illustrated."— ^wmAswn^CAfWMriSr. 

Dr. Lardnet^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by £. B. Bright, F.R. AS. 
146 Illustrations. Small 8vo, 2j. 6</. cloth. 
"One of the most raadabla books extant on the Electric Telegraph.''—^i^r><''«»(<>i<^ 

Mollusca. 

A MANUAL OF THE MQLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.,F.G.S. With numer- 
ous Plates and 300 Woodcuts. Sid Edition. Cr. 8vo, 7^. &^ doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and W<niderful ConcoroT By 
George W. Victor leVaux. Fcap. 8vo, sx. cloth. 

" A valuable contribution to the evidences of revdatioo, and disposet very conclu- 
sively of the argumenU of those who would set God's Works against Goa*s Word. 
No real difficulty is shirked, and no sophntry is left uneiqiosed.'*— 7*^ Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; bemg a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the £arth ; 3. The Mosaic Cosmogony ; 4. Muades in 
general — Views of Hume and Powell ; 5. The Muade of Jo^ua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J.R. YouNa Fcap. 5^. cl 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8to, 5j. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. ColL, Camb. l8mo« 5^. cl. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, includii^ methods of Painting, 
Cleaning, Re-lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl,B, A. Cr.8yo,3x.6df.cl. 
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Clocks^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth Edition, revised and en- 
larged. Limp doth (No. 67,Weale*s Series), 4J. td,\ cloth bds. 5j. dd, 

'* As a popular and practical treatise it is unapproached." — English Mechanic. 

"The Dest work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ** — Engineering, 

** The only modem treatise on clock-making." — Horological youmal. 

The Construction of the Organ. 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Crown 8vo, 5j. cloth. 
" In many respects the book is the best that has yet appeared on the subject. We 
cordially recommend it." —English Mechanic. 

"Any practical amateur following the instructions here given might build an 
organ to ms entire satisfaction." — Leeds Mercury. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3j. td, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser. 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. 
W, Slater. Second Edition. Re- written and Enlarged. Crown 
8vo, *J5, 6d, cloth. [Just published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2mo, 3^. 6d, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d, bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lOr. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, iaj« complete. 
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Delamott^s Works (m Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
nse of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSB., printed in Gold and Colours. By F. Dela- 
MOTTK. Small 4to, 9/. El^;antly boimd, cloth antique. 

" The examples of ancient MSS. recommended to the student, which, with much 

J:ood sense, tlM author chooses from collections accessible to all, axe iclected with 
udgment and knowledge, as well as taste." — At/ututum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8to, 

oblong, 2s, 6d, ornamental boards. 

" For those who insert enamelled sentences round g;nded chalices, who blazon shop 
lejends over shop-doors, who letter church walls with pithy sentences from die 
I>ecalogue, this book will be usefuL"— ylM/mr»M. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Kiband, Gothic, Rustic, and Arabesque, &c., &c Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, obloi{g, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed."— o/oiM^nil 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Contaming 21 Plates, and 
Illuminated Title, printed in Gk>ld and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6s. doth gUt 

THE EMBROIDERER'S BOOK OF DESIGN ; contahimg Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Wood' Carving, 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— ^//i^mrwm. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullicx:, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. Insmsdl 8vo, 5j. 6d. doth. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
** Contains a large amount of original matter, agreeably conveyed."— i9«v&U^. 
" Much may be learned, even by those who fancy they do not require to be taught, 
from the careful penisaloCvmsunptQteadviiibu&camprdie&stve treatise. ''^-^rZ/^wr^^ 
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AGRICULTURE, GARDENING, ETC. 
Yotmtt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s, half-bound. 

•* The standard and text-book, with the fanner and grazier."— /^awwrr'* Magannt. 

"A treatise which will remain a standard work on the subject as long as Britisk 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4^. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers* Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat Question, which deserves serious and 
thoughtful consideration at the present time."— Jlf<?0/ and Provision Traded Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Second 
Edition. i2mo, 4^. cloth boards. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dauy, Pigs, and 
Poultry— UtiUsation of Town Sewage, Irri^tion, &c New Edition. 
In I vol. 1250 pp., half-bound, profusel]^ illustrated, lis. 
'* There is sufficient stated within the limits of this treatise to prevent a fiurmer 
from going far wrong in any of his operations."— C^^f/rv^r. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By GSORGS M. F. Glsnny. 
l2mo, 2s. cloth boards. 



ao WORKS IN AGRICULTURi; GARDENING, ETC., 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Fanning, the Setting-out of Farms, 
Construction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. Scott Burn. 
Second Edition. i2mo, y. cloth. 
"A complete and comprehensive outline of the duties ai^Nataining to the manage- 
ment of landed estates." — ycumal of Fortstry. 

T/te Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treatuig of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3/. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. With Illustrations. Consisting of the above 
Two Works in One Vol., 6j. half-bound. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, 2j. dd, cloth. 

" A clearly written description of the ordinary routine of English farm-life."— Za«^. 

"A carefully written text-book of Agriculture." — Attutumm. 

** A most comprehensive volume, giving a mass of information." — Arricultural 

Culture of rruit Frees. 

FRUIT TREES, the Scientific and Profitable Culture 6£ From 
the French of Du Breuil, revised by Geo. Glenn y, i2mo, 4J. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, jj. cloth. 
** A rery good hook, and one to he highly recommended as a pxactical guide. 
The practicsu directions are excellent." — Athaugunu 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce £(i20 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise £vid per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth. 
" We are hound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, hut to the market grower." — Gardener's Magazine, 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates showing the 
best and most economical way of Building Glasshouses, Pits, and 
Frames for the various classes, &c. By Samuel Wood, Author 
of " Good Gardenm^," &.c. CtQVcu. 8vo, y. 6<f, {Just ptiblished. 
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Gardening for Ladus. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 

and Amateur's Complete Guide. By Samuel Wood, Author 
of "Good Gardening," &c. With Illustrations. Crown 8vo, 
3f. 6df. cloth. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr, 8vo, 3^. td, cloth. 

Tree Planting, 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, is, 6d, cloth. 

Tree Pruning. 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova* 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2s. dd, cloth. 

Tree Plantings Pruning^ & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER 
By Samuel Wood, Author of ** Good Gardening,'* &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, zr. cl. 

Hudson* s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : beinj; Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C.£. 
New Edition, roysd 32mo, leather, gilt edges, elastic band, 4J. 

Ewart's Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4/. 

Complete Agricultural Surveyor's Pocket'Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, eilt edges, with strap, *js. 6d. 
' " ' ' I be " " 



"We consider Hudson's book to be the best ready-reckoner on matters reIatiB|: to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work neatly enhances the value and usefulness of the latter-mentioned.— 
It is most usefm as a maauiU f<Mr te{€xtaQc."-^NffriJk ^ Englmnd F«rmiir« 



3« WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 

*A Complete Epitome of the Laws of this Country.* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, doth, 
price 6/. &/• (saved at every consultation). 4 

COMPRISING THB RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OF 



BAMKXurrcY— Bills op £xchamg>— 
CoimACTS AND Agsbbmbkts — Corv- 

BUSIfT— DOWBX AND DiVOKCB— ELEC- 
TIONS AND RaCISTRATION— InSURANCB 
— LniL AND SlANDBX— MOSTGAGKS— 



Sbttuumsnts — Stock Exchange Prac- 
tice— Trade Makks and Patents- 
Trespass, Nuisances, ETC — ^Transfer 
or Land, etc.— Warranty— Wills 
AND Agreements, etc 



Also Law for Landlord and Tenant — j — Friendly Societies — Qergymen, Church- 



wardens — Medical Practitioiiers, &c. — 
Bankers — Farmers — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-I>ealer»— 
Auctioneers, HousorA^ents — Innkeopers, 
&C. — Pawnbrokers — Surveyors — Kafl- 
ways and Carriers, &&, &c. 



Master and Servant— Workmen and Ap- 
prentioes — Heirs, Devisees and Lega- 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — 
Married Women and Infants— Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 
Vendor — Companies and Associations 

'* No Englishman ought to be without diis book.*— JPflifUMirr. 

" What it professes to be— a complete epitome of die laws of this country, thorotij|:hly 
intelligible to non-professional readers. The book is a handjr <Mie to have in readiness 
when some knotty point requires ready solution. "^-JXr/Tx Life. 

" A useful and concise epitome of the law." — Law Mc^azine, 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, 51. 
" A concise book of reference, containing a clearly>arranged list of prices for 
inventories, a practical guide to determine mt value of^ furniture, &c."— (S'/am^n^ 

A Mctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor. 6d. doth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By £. L. Tarbuck. 2nd Edit l2mo, 3^. td. doth. 

'* We are glad to be able to recommend it." — Builder, 

* ' The advice is thoroughly practical."— Xow youmal 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A.. L. RxDt. 8vo, 12s, 6d, 

Bradbury, hvam, * Oo.,Ttto^\«t%.^WJiV«*»*>'^'«^ft«». 
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r "WEALE'S SERIES includes Text-Boofcs on almost eraiy branch of 
ice and Industry, comprising such subjects as Agriculture, Architectoro 

Building, Civil Engineering, Fine Arts, Mechanics and Mechajiical 

EngineEriug, Physical and Chemical Science, and many miscellant 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in Bcienlifio research, are constantly 
issued. The prices at which they are sold are as low as their excelleuce is 
assured," — Anurican Liieraiy Casttli. 

■■ Amongst the literature of technical education, WEALE'S Bbbies has ever 
enjoyed a high reputation, and the additions being made by Messrs, CrOsBv 
LoCKWOOD & Co, render the series even more complete, and bring the infor- 
on upon the Eaveral subjects doivn to the present time." — Mining 

It is impassible to do otherwise tlian bear testimony to the value of 

WEALE'S SeBIES."— EngillBB)-. 

"Everybody — even that outrageous nuisance 'Every Schoolboy' — knows 
e merits of ' Wealk's Rudimentary series,' Any persons wishing to 

acquire knowledge cannot da better than look through Weala's Series and 

get all the books they require. The Series is indeed an inexhaustible mine 

of literary wealth. "^T/ie Metropolitan. 

" WEALE'S SERIES has become a standard as well as an unrivaUed 

collection of treatises in all branches of art and science," — Public Ojiinic 
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WEALE'S BTTDIMEHTABT SCIEHTIFIC SESIES. 




•»• The volumes of this Series are freelv Illustrated with 
Woodcuts, or otherwise, where requisite. Tnroughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; but the volumes marked 
with a X may also be had strongly bound in cloth boards for dd, 
extra, 

N.B. — In "ordering from this List it is recommended^ as a 
means of facilifatinfi business and obviating error^ to quote the 
numbers affixed to the volumes, as well as the titles and prices. 



N^. ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS^Tht Orders and Iheir iEsthetic 

Principles. By W. H. Leeds. Illustrated, zs. 6d. 

17. ARCHITECTURE— STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., 8cc. Illustrated. 2s. 
%• Orders and Styles of Architecture, in One Vol., 3*. 6d, 

18. ARCHITECTURE— DESIGN— ThQ Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2s.6d. 

*•• The three preceding Works, in One handsome Vol., half . bound, entitled 

" Modern Architecture," price 6s. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawing's, Specifications, and Estimates. By £. Dobson, 2S.^ 

23. BRICKS AND TILES, Rudimentaiy Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By £dw. 
Dobson, M.R.I.B.A. With Additions by C Tomunson, F.R.S. Illustrated, js.t 

25. MASONRY AND STO NE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bnoges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE ^(9i?Ar5, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks 00 
Footines, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, zs. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustration*, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, «tc. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, 8cc. By Charles Tomlinson, F.R.S., 8cc. Illustrated. 3s. 

83««. CONSTRUCTION OF DOOR LOCKS, CompUed ftom the 
Papers of A. C. Hobbs. Esq., of New York, and Edited by Charles Tom- 
unson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 28. 6d. 

III. ARCHES, PIERS, BUTTRESSES, 6r*c,: Experimental Essays 
on the Principles of Construction in ; made with a view to their being oseml 
to the Practical Builder. By Wiluam Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 
Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

The % indicates that these vols, may be had strongly bound at €d. extra. 
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Architecture, Building, etc., continued. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6<i. 

128. VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The two preceding Works in One handsome Vol., half bound, eniiiled "Ancient 

Architecturb," Price 6s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. J- Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Aj-chitect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers*, Painters*, Paper- 
hangers*, Gilders*, Smiths*, .Carpenters*, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. HIus. is. 6d. 

175. LOCKWOOD 6f CO.'S BUILDER'S AND CONTRACTOR'S 

^PRICE book, for 1882, containing the latest Prices of all kinds of Builders* 

Materials and Labour, and of all Trades connected with Building, See, &c. 

Revised and Edited by F. T. W. Miller, Architect and Surveyor. 3s. 6d. ; 

half bound, 4s. 

182. CARPENTRY AND yOINERY—IWB. Elementary Pmn- 

ciPLES OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Trbdgold, C.E With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wynduam 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
. accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth boards, 
7S. 6d 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8tc. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Elus A. 
Davidson. Third Edition, revised. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating and Plastenne; Ihactical 
Geometry, Mensuration, See. By Adam Hammond. Ulustrated. is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodjring the latest 
Improvements. Third Edition, enlarged. Containing 300 Illustrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.^ 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE; comprising copious andvaki-, 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. * 
Second Edition, Revised. \s.X 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, is, 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theoiy of Domes and the Great Pvramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL CO\JRT, IWIiOkT^ 'SWA*^ 'S.-SU 
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Architecture, Building, etc, continued. 
226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought 1^ Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wtvill J. 
Christy, Architect and Surveyor. With upwards of One Hundred and Sixty 
Engravings on Wood, is.t [yusi published. 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Kobison, 
Tredgold, and Humber. By E. Wvxoham Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. lyust published, 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Evenrday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, 8cc. By James W. Facby, Tun. Illustrated with 
Sixtv-eight explanatory Engravings, principally from Designs by the 
Author. 2S. [yttsi published, 

230. HANDRAILJNG (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By Gborgb Collings. 
Illustrated with Plates and Diagrams, zs. 6d« \^^**^ published. 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydrauuc Enoinebrino by Gbo. R. Burnbll, 
M.Inst.C.E. Sixth Edition, revised, with Largb Aoditions on Rbcbnt 
Practicb in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of " Tramways : Iheir Construction/' &c. 68. 6d., CloUi boards, 7S.6d. 

31. WELL'DIGGING, BORING, AND PUMP- WORK. ByJcfflN 
Gborge Swindell, A.K.I.B. A. New Edition, by G.R.Burmbll,C.£. zs.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, zs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
bv Edward Nugent, C.E. With Statistics of the Capital, Dividends, ana 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embanlcments, 8cc. By J. Wiggins, F.G.S. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Greological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumpinsf Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fbnwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art op Constructing Common Roads, by Henry 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, mcluding 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY wdRK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms ot 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much JSnlarged by William 
Richards, C.E. With 72 Illustrations. ^ 4s. 6d.t 

213, PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The X indicates that these voU% may be Had sfrongfy bound a/ 6d. extra. 
LONDON : CKOSBY "LOeYL^OOTi K&Ti CCi., 



WEALE S RUDIMENTARY SERIES. 



MECHANICAL ENGINEERING, ETC. 

33, CRANESy the Construction of, and other l^Iachinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Groods. By 
Joseph Glynn, F.R.S^ &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, zs. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Beckett Denison), LLr.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), unth very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Josbph 

Glynn, F.R.S^ &c. New Edition, Illustrated. 28.^ 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. as. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6a. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. With copious Receipts, 8cc. By Walter Gtraham. as.t 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByJ.G. Winton. lUustrated. 384 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting^umace. By J. Armour, C.E. as. 6d^ 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour,' as. 6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. as. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. lUusaated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.^ 
200. Fuel, its Combustion and Economy. By C. W. WiLLlAHS, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 

and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, 8tc.— by D. K. 

Clark, M.I.C.E. and Edition. 3s. 6d.^ 
202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnear Clark, M.I.C.E. %s.X 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtnby, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations, as. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 3S.^ [yust published, 

217. SEWING MACHINERY: a Manual of the Sewing Machine; 



comprising its Construction, History, 8cc., with full Technical Directions 
for Adjusting, &c. By J. W. Urquhart, C.E. as.t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manu£Eu:ture of 
the Steam Engine, &c. By Francis Campin, C.E. as. 6a.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages. By J. W. 
Burgess. 2s. 6d.t 
PRACTICAL ORGAN BUILDING, By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t [Jusi published. 
The X indicates that these vols, fnay be had strongly 6ound at ^. extra. 

7, STATIONERS' HALL CO\3RT, lAJTiOKTB. TSWA.^ ^«K.« 



weale's rudimentary series. 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Jambs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d4 
53». SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommer- 
FBLDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 
53»». AN ATLAS OF ENGRA VINGS to lUustrate the above. Twelve 
largre folding plates. Royal 4to, cloth. 7s. 6d. 

54. HASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging-, Blocks; Chain, 
Wire, and Hemp Ropes, &Cy relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kjpping, N.A. Fourteenth Edition. Illustrated. 2*.X 
54». IRON SHIP'BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders.^ By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudunentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part II. On 

Finding the Latitude and Longitude. By Jambs Greenwood, B J^. To 

which are added, the Deviation and Error of the Compass ; Great Circle 

Sailing ; the International (Commercial) Code of Signals ; the Rule of the 

Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 

Storms; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 

and Coloured Plates of Flags. New, thoroughly revised and much enlarged 

edition. By W. H. Rosser. 2s. 6d.T 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 

on. "together with Practical Remarks on the Screw and Propelling Power, 

as used in the Royal and Merchant Navy. By Robert Murray, C.E., 

Engineer- Surveyor to the Board of Trade. With a Glossaiy of Technical 

Terms, and^ their Equivalents in French, German, and Spanish. Seventh 

Edition, revised and enlarged. Ulustratea. y&.X 

S^bis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 

ally Derived, on some of the Principles regulating Ship-building. By W. 

Bland. Seventh Edition, revised,with numerous Illustrations and Models.xs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. With Attempts to facilitate the Finding of the Time and the 

Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 

Belfast College. Illustrated. 2s. 6d. 

ICO*. TABLES intended to facilitate the Operations of Navigation and 

Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 

Young, is. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. CoTSELL, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 

and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., 8rc. 

Eleventh Edition, enlarged, with an Appendix. By Robert Kjpping, N JL, 

Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 

F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 

& Sea-Book. By James Greenwood and W. H. Rosser. Together with 

20A *^® requisite Mathematical and Nautical Tables for the Working of the 

^* Problems. By Henry Law, C.E., and J. R. Young, formerly Profisssor of 

Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 

ings and Coloured Plates. 7s. Strongly half-bound in leather. 

The X indicates thai these vols, may be had sirongfy bound at 6d, extra, 
LONDON : CllOSBV "LOCYL^OOTi KSTD C.C»,, 



weale's rudimentary series. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRYy for the Use of Beginners. By Professor George 

FowNES, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and theii^' Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions bjr R. Sabine, C.E., F.S.A. is. 6d. 
7*. GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Eaition, with considerable Additions by Robert Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; "being a concise Exposition of tiie General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," Sec, &c. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S. A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^^'**. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H". Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on "Spectrum Analysis." Woodcuts. is.6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tate, A.L.S., 8tc. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's ''Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 



184. 






Sold also in Two Paris, as follows : — 



183. Animal Physics. By Dr. Lardner. Part I., Chapters I. — VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII. — ^XVIII. 3s. 

TAe t indicates thai these vols, may be had strongly bound at 6d, extra. 
7, STATIONERS' HALL COTJRT, lATDGKV:^ ^\\A.> ^.^* 



lo wkale's rudimentary series. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjnstine, and Using them 
are concisely Explained. ^ By J. F. Hbathbr, M.A.. of the Royal Military 
Academy, Woolwich. Orig^nsu Edition, in z vol., Illustrated, is. 6d. 
\* In <nrderiHgthe above^ be careful to say^ " Original Edition *' {No. 32), io distin- 
guish it from the Enlarged Edition in 3 rwls. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modem Improvements. Arranged for the Use of Schools and 

Private Students ; also for Practical Land Surveyors and Engineers. By 

T. Bakbr. C.E. New Edition, revised by Edward Nugbnt, C.E. Illns- 

' trated witn Plates and Diagrams, as.t 

61*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arbian, Schoolmaster, Thuiieigh, Beds. To which 
is added a Table^ showing the Price of Work, from 2s. 6d. tO;^z per acre, and 
Tables for the Valuation of Land, from is. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. zs. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MONGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Hbathbr, M.A. Illustrated with Z4 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2Z5 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delmeating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Hbathbr, M.A. [/» preparation, 

*»* TAe above three volumes will form a Complbtb Elbmbntary Coursb op 

IklATHBMATICAL DRAWING 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Kby to the above/containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, appHedto Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
86*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d.t 

•«• Sold also separately, viz. :— ^ 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. \ 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

The % indicates that these vols, may be had stronglj houiidat 6d. extra. 
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WEALE'S rudimentary series. II 



Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SEC f IONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King s College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry,^' in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.R.A.S., &c. IS. 6d. 

105. MNEMONICAL LESSONS, — Geometry, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schook and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

i6S. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing—I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, (Jopying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of tne Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," &c., «tc. 
Illustrated, is. 6a. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T. F. Heather, M.A. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Author's original rvorh. 
" Mathematical Instruments: their Construction, Adjustmentf Testing,and C/se, 
the Thirteenth Edition of which is on sale, frice \s. 6d. {See No. 32 in the Series.) 

x(».-^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. >■ M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 2S. 6d.t 

185. THE COMPLETE MEASURER ; settmg forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal -sided, Square-sided, Octa^nal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showmg the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4s. t 

The t indicates that these vols, may he had strongly bo und at ^. extra. 

7, stationers' hall court, L.\3BGK1^ TSV\A-, ^-^^ 



12 WEALS'S RUDIUSMTARY SERIES. 

Arithmetic, Geometry, Mathematics, etc, caHiimt€d, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together witn Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Danisl 
O'GORMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast College. ^%.X 

204. MATHEMATICAL r^^Z^5, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prdued a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navieation 
and Nautical Astronomy. By J. R. Yoimo, fbrmoiy Professor of MaUie- 
matics in Belfast College. New Edition, ts. 6d^ 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA^ 
TIONS, and an Analrris of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, FJR.JLS., F.S.S. Sixth Edition, 
carefully revised and enlarged. ss.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
fation, by means of Arithmetical and Siniple Algebraical Equations and 
Practical Examples; also the MeUiods of^Analvsin^ Principles and De- 
ducing Rules and Formube, applicable to the Keqnirements of Practice. 
By Francis Campin, C.E., Author of "Materials and Construction/' &c. 
Second Edition, revised and enlarged by the Author. 33.^ \,yust published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, &v. By Tohk Wbalb. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. doth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged, ts.^ 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B.A., M.D. Intended as a Family Gruide in all Cases of Accident and 
Emergency, ss.t 

ii2». MANAGEMENT OF HEALTH A Manual of Home and 
Personal Hygiene. By^the Rev. Jambs Baird, B A. xs. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes usefid to the 
Emigrant. With a Map of the World, as. 

157, THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., gjid 
Sutherland Highlanders, &c. With 163 Woodcuts. 3S.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, 8tc. By An Old Housbkbbper. is. 6d.J 

194. HOUSE BOOK (The). Comprising:—!. The House Manager. 
112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 

o M.D. III. Management of Health. By Jambs Baird. In One Vol., 

** ^ strongly half-bound. 6s. 
1X2*. 



TAe t indicates thai these vols, may be had %(r<mgiy bound ai 6d. extra. 
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weale's educational and classical series. 13 

EDUCATION AL AND CLASS ICAL SEBIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Prog^ress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Levibn, M.A., of Balliol 
College, Oxford. 2s. 6a. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By EdwaAd Levibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-Grerman War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Granninniar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. * By Hyde 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch. Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Wdrds. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
xyth Edition, zs. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, Frenchi Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R J^.S. Improved ^Edition, xs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated firom the French. 7th Edition, carefully corrected, as. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By T. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, xs. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BriefTreatise upon Modem Chemical Nomencla* 
ture and Notation. By Wm. W. Pink and Gborgb E. Webster, as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, id, 

t. d. 

Fourth Standard . ..12 

Fifth „ . . . x 6 

Sixth „ . . . x 6 

Lessons from the Bible. Parti. Old Testament, is. ^ 

Lessons from the Bible. Part 11. New Testament^ to whicn is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton Forster. xs. 2d. *«• Or theTwoPaT t&vivO^<^'V<>VQan». ^:^> 

/, stationers' hall court, L.\3DOkT^ -ftWA*^ ^-K- 
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First Standard . .06 
Second „ ..0x0 

Third „ ..10 
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FRENCH. 

24. French Grammar. With Ct>mplete and Concise Rules on the 

Genders of French Noam. By G. L. Strauss, I%.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English- French Dictionary. B^Aij'&ed Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. *«* Or with the Grammar, cloth boards, 45. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 



GERMAN. 

39. Grerman Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar^ by Dr. G. L. Strauss, zs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German-French-English. 
Part II. English- German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

8c 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. zs. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwss. 
Vol. z. Italian -English-French, as. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. ss. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. zs. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. zs. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

HEBREW. 

46*. Hebrew^ Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
Af^'*. the Grammar, cloth boards, x^^. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 

cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d; 

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis JEneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. W^ith copious Ad(U- 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Books i. — vi., is. 6J. 

5** • Part 2. Books vii. — xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. as. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev, 
T. H. L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami* 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

16*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Mazimas Sueto- 
nius, ApiUeiui, 8cc. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satine. With Prolegomena and Notes byT. H, S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 
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lif^Greek Gramma^, in aooprdand^ with t%^rincipTe§ and Philo- 
logical Kosearcbes of the moil eminent Scholars of otar oMB cla7< By Hams 
Clai'db Hamilton, xs. 6d. . . 

I5,I7» Greek Lexicon. Containing all the Words in General Use, with 

their Siipiifications, Inflections, and Doubtful Qoui^ies. By Hbn'RY R. 
Hamilton. Vol. i. Greek-English, as. fed.; Vol, 2. EnglishrGreek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 58. 

14,15. Greek Lexicon (as above). Complete, with the Grammab, in 

17. One Vol., cloth boards, 6s. \^ k.. 

GREEK CLASSICS, With ExplanatOT^5Totes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory KQtes, by H. Toung. New 
Edition, with an improved and enlarged Supplementary Vocabi^Jary, by John 
Hutchison, M.A., of the High School. Glasgow, is. 6d. 

2,3. Xenophon's Anabasis; or. The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to ill., 
xs. Part 2. Boo£i iv. to vii., zs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, zs. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authoritif^s, with Preliminary Observations and Appendices, by T. H. L. 

Lbary, M.A., D.C.L. 

Tbb Iuad : Part z. Books i. to vi.j zs.6d. Part 3. Books xtii. to zviit., zs. 6d. 

Part 2. Books vii. to xii., zs. 6d. Part 4. Books xiz. to.xxiv., zs. 6d. 

Ths Odyssey: Part z. Books i. to vi., zs. 6d Part 3. Books ziii. to zviii., zs. 6d. 

Part 2. Books vii. to zii., zs. 6d. Part 4. Books xiz. to zxiv., «nd 

Hymns, 2s. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 

the Phasdo. From the Text of C. F. Hermann. Edited with Notes. Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part z. Books i.. ii. (The Clio and Euten>e), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene)^s. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Folymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatozy, by W. Brownrigg Smith,, 
M.A., F.R.G.S. zs.6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B Jl. zs. 6d. 

30. ^Eschylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dini>orf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. zs. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, MA. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weise. With Notes, by C. S. T. Townshbnd, ma. is.6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book z. zs. . ., ^t ^ j, -r . 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. w.Jbwitt. is.6d. , .,. T>i.-,. . 

43. I>exnosthenes. The Oration on the Crown and the Philippics, 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar ol 
Brasenose College, Oxford, zs. 6d. 
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